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PHYSIOLOGY 


THE DEVELOPMENT OF AN INHIBITORY PROCESS DURING PRODUCTION OF 
CONDITIONED INHIBITION AND CHRONIC EXTINCTION WITH AN 
ADDITIONAL AGENT 


V. I. Syrenskii 


From the Institute of Experimental Medicine (Scientific Director — Active Member of the 
AMN SSSR Prof. P. S. Kupalov) of the AMN SSSR, Leningrad 


(Received June 21, 1957. Submitted by Active Member of the AMN SSSR Prof. P. S$. Kupalov) 


The aim of the present work was to study the characteristics of development of inhibition by the action of 
a conditioned inhibitory combination (of conditioned inhibition) by comparison with the development of inhibition 
during extinction and formation of differentiation. In the article is given an account of the results of comparison 

of the formation of conditioned inhibition and extinction. Extinction was brought about by the method which was 

described in articles by several workess [P. K. Anokhin (1), G. V. Skipin (5), N. V. Zimkin (2), S. S. Serebrennikov 
(4) and F. P. Maiorov (3)}. After the conditioned reflex had been firmly established we extinguished it, while con- 
currently with the conditioned stimulus some indifferent stimulus was acting (extinction with an additional agent), 


EXPERIMENTAL METHOD 


The experiments were carried out by the method of alimentary conditioned reflexes in a dog with a strong 
variation of a weak type of nervous system. At the moment of formation of the forms of internal inhibition in which 


we were interested in the dog, positive conditioned reflexes were formed to the following stimuli: buzzer, metronome, 


luminous revolving disc (disc). The time of withdrawal of the conditioned stimuli from the unconditioned was 30 
seconds, the pauses were 3-5 minutes. We tried to bring about chronic extinction with an additional agent and pro- 
duction of a conditioned inhibitory combination in identical conditions. For comparable conditional stimuli we 
used auditory stimuli of equal physical force: the sound of an electric bell without a metal cover (crash) and the 
sound emitted by a metal cog wheel rubbing against a metal disc (scrape). The volume of secretion due to the 
action of these and other positive conditioned stimuli varied from 20-30 divisions on the scale (one division on the 
scale corresponded to 0.01 ml). As an additional agent in both cases we used the same auditory stimulus — a bell. 
As a prelude to 2 experiments the bell was sounded in the ;auses between the conditioned stimuli, Its action was 
accompanied by slight secretion of saliva and a feeble orientation reaction (experiment No. 202), 


After this we set about producing the forms of internal inhibition in which we were interested, For this pur- 
pose in one experiment the bell was sounded together with the “scrape” (conditioned inhibitory combination): the 
bell for 10 seconds and then the “scrape™ for 30 seconds. This combination was not reinforced. In the same ex- 
periment the “scrape” was also used independently as a positive conditioned stimulus. In another experiment we 
produced extinction of the positive conditioned stimulus “crash” in combination with the bell, adding to the “crash® 
a bell in the same order as that in the conditioned inhibitory combination (10 seconds of the bell and 30 seconds of 
the “crash”). These combinations were used on alternative days. In one experiment we set out to produce condi- 
tioned inhibition, using as a conditioned stimulus the "scrape" both in combination with the bell and independently, 
and in the following experiment we extinguished the positive conditioned stimulus — the “crash™ in combination 


with the bell. 
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EXPERIMENTAL RESULTS 


The usual magnitude of the conditioned reflexes before the introduction of the combination can be seen 
wed from the findings in experiment No, 202, On the first addition of the bell to the “scrape” and “crash" the rate of 

~ secretion was altered: {t rose at the beginning of the action of both stimulf, In thls way the gencrai secretory ef- 
fect to the “scrape® was increased and that of the *crash® was almost unchanged. With the action of these stimull 
the dog looked in {ts feeding bowl. Ringing the bell in both cases was accompanied by slight secretion of saliva 
and turning of the animal to the side of the stimulus (experiments Nos, 203 and 204, compare with experiment No, 
202). 


From the second application of both combinations a fall began in the secretion on account of an equal di- 
minution in its rate (to a rather greater degree at the beginning of the action of these combinations), The rate of 
secretion fell not only to the bell but also to the “scrape*® which followed it, or to the "crash", On the Sth or 6th 

. applications of these combinations the volume of secretion to these had already fallen considerably. This was 
due to an increase in the period of delay and to a still greater reduction in the rate of secretion (experiments Nos. 
213 and 214). Starting from this moment, both combinations acquired an inhibitory importance (see Table). 


Change in the Magnitude of Conditioned Reflexes in the Dog "Kashtanka™ During Production 
of Conditioned Inhibition and Chronic Extinction with an Additional Agent 


& | Magnitude of cond, reflex 
ond, re 
3 3 Stimulus 5 (in scale divisions) 
eye 
& sec. 


Experiment 202 21/1 1954 


269 30 3 | 343424745412] 32 a 
4j1 1444548] 19 
6 2 | Weak orientation reaction 


Myo 3 | 34344474549] 31 
*Scrape” 30 | 04043454745] 20. 
Bell 10 | 04041414446] 12 


oa & 


Experiment 203 22/1 1954 


Myzp Bell 30 3 | 24242464648] 26 
1 10 4 | 141 2 | Looks at stimulus 
“Scrape” 30 3 | 347474114649) 43 | Looks at feeding bowl 
272 | Mys 30 16 | 04044434449) 20 ine 
39 | “Scrape” | 30 1 | 64342424445] 2 - 
7 Disc 30 12 | No divided regis- 8 os 
tration 
201 | Buzzer 30 3 | 24241434549] 22 - 


Experiment 204 23/1 1954 


273 | Mus 30 3 | 140434549410] 28 
Looks at stimulus 
Bell 10 7 | O41 1 
1 "Crash* 30 2 | 44341424747] 24 - 
274 | Muy 30 16 | 04042424445] 13 
‘8 | Dise 30 12 | 04041404245] 8 
30 14040404449] 14 _ 


. 
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(Table continued) 
=] -in each sec. 
2% RSS sec. 
Experiment 213 3/11 1954 
291 | Megs 3 | 442414347411] 2 
No motor-alimentary 
a ~ reaction. 
Looks first at the feeding bowl 
"scrape* | 30 2% | 04040404044 | 4 | - then to the side. 

292 Mie 30 144 | 04041404249] 12 

43 | scrape® | 30 4 | 142414144410 19 

16 | D 30 8 | OF1404+04344] 8 - 
209 | Buzzer 30 3 | 24342414248] 18 - 

Experiment 214 4/11 1954 
293 | 4 | 142444347413, 3 
No motor alimentary reaction 
3 | Looks first at the feeding bowl 
ak then to the side, 
"Crash® 30 4 | 14141404042 5 

294 Mize 22 | 04040+043410| 13 

17 | Disc 16 | 04040414146] 8 ie 


Simultaneous production of conditioned inhibition and chronic extinction 
with an additional agent. 

A) Process of chronic extinction with an additional agent; B) process of 
production of conditioned inhibition. On the ordinate axis isshown the 
magnitude of conditioned secretion in divisions of the scale, on the 

abscissa — the days of application of the inhibitory combination. The figures 
1-5 signify the change in sectetion under the influence of: 1) a condi- 
tioned stimulus, extinguished in combination with an additional agent; 

2) the additional agent of the extinguished combination; 3) a conditioned 
stimulus forming part of the conditioned inhibitory combination; 4) the same 
stimulus but applied separately in the experiment; 5) the additional agent 
of the conditioned inhibitory combination, 
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These experiments show that the character of the change in the course of secretion from the effect of inhi- 
bitory combinations was roughly the same — the rate of secretion was diminished evenly during thelr action (slightly 
more intensively at first), This suggests that the development of the inhibitory process in both cases followed the 
same path, In the following experiments with chronic extinction with an additional agent the volume of secretion 
under the action of the inhibitory combination, starting with the 8th application, was maintained at a level close 
to zero. The volume of secretion under the influence of the conditioned inhibitory combination fell more gradually 
and with greater variations: only to about the 20-25th application was it settled at a low level, As an illustration 
of the above we give a diagram which shows the changes in the volume of secreation under the influence of each 
of the components of the inhibitory combinations and, in addition, of a positive conditioned stimulus (“scrape”) 
applied separately in the experiment (see Diagram). As can be seen from the diagram the inhibitory process de- 
veloped and was consolidated more rapidly during chronic extinction than during conditioned inhibition. 


These facts suggest that inhibition develops with greater ease and speed during chronic extinction with an 
additional agent than during the production of conditioned inhibition,: In spite of the fact that in both cases inh{- 
bition is formed on combined stimulation, the above-mentioned types of intemal inhibition diff2r considerably 
from each other in duration and difficulty of their production, It may be thought that these stimuli give rise to 
mervous processes which differ in their “structure®, In conditioned inhibition the “structure® of the nerve pro- 

_ esses is more complicated since the production of inhibition to a conditioned inhibitory combination prevents 
all the time the excitation caused by a positive conditioned stimulus. It is possible that in conditioned inhibition 
the synthesis of the components of the conditioned inhibitory combination is made more difficult. It seems to us 
that the special features df this synthesis also distinguish conditioned inhibition from other forms of internal in- 
hibition. The next task is to explain the mechanisms inherent only in conditioned inhibition by comparison of 


this with other forms of internal inhibition. 


SUMMARY 


The following was established in comparing the development of conditioned inhibition and extinction of a 
positive conditioned stimulus in combination with an additional agent: development of the process of inhibition 
in formation of the above-mentioned types of internal inhibition is uniform in the same dog. However, inhibition 
is developed more easily and rapidly in chronic extinction with an additional agent, than in formation of condi- 


tioned inhibition. 
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THE INFLUENCE OF THE FUNCTIONAL STATE OF THE CEREBRAL CORTEX 
ON THE SECRETORY CYCLE OF THE THYROID GLAND 


M. G. Amiragova 


From the Institute of Normal and Pathological Physiology of the AMN SSSR, Moscow 
(Director ~ Corresponding Member of the AMN SSSR Prof. V. N. Chernigovskif) 


(Received August 15, 1957. Submitted by Active Member of the AMN SSSR Prof. V. N. Chernigovskil) 


In work of the school of I. P. Pavlov it has already been shown that disturbances of the activity of the endo- 
crine system may cause considerable functional disorders of the central nervous system. Investigations of the state 
of the higher nervous activity, performed on animals after total or partial removal of the thyroid gland [5, 14, 15, 
16), and also after the action of thyroid gland preparations on the animal [12], showed high reactivity of the central 
nervous system in response to these endocrine changes. At the present time more and more reports of investigations 
are appearing in which hard and fast relationships are revealed between the nervous system and the endocrine 
system and the relation between the hormonal function of the glands of internal secretion and the regulating in- 
fluence of the central nervous system. 


However it must be stated that the problem of regulation of the function of the thyroid gland has still not 
been adequately investigated. Many investigations (1, 3, 6, 13] have been devoted to the study of the state of the 
thyroid gland in disorders of the brain due to surgical trauma. However the problem of the influence of the cerebral 
cortex must be solved, in our view,by experiments of long duration in which the central nervous system is not da- 
maged but only affected by functional changes. On this theme only isolated investigations have been made. R. 
P. Ol ‘nianskaia [10) demonstrated that the hormone of the thyroid gland took part in the process of basic meta- 
bolism in the body under the regulating influence of the cerebral cortex. In work by M. S. Kakhana[7, 8] it was 
shown that as a result of derangement of the higher nervous activity of rabbits, histological changes took place in 
the structure of the thyroid gland. 

V. L Arkhipenko [2] studied the function of the thyroid gland in dogs with experimental neurosis. In 4 dogs 
the author observed diminished function of the thyroid gland and in one the activity of the gland was found to be 
increased. 

The present work is devoted to the study of the influence of the functional state of the cerebral cortex on 


the separate phases of the secretory cycle of the thyroid gland. This problem is very closely related to the eticlogy 
and pathogenesis of thyrotoxicosis and there are few references to it in the literature. 


EXPERIMENTAL METHOD 


Experiments were performed on dogs in which conditioned electrodermal defensive reflexes had been formed. 
_ For a conditioned stimulus was used the sound of a metronome — 120 impulses per minute (M120), which followed 
20 seconds behind the unconditioned stimulus. Differentiation was produced to a metronome at 30 impulses per 
minute. The unconditioned stimulus was an electric current from an induction coil acting for several seconds. 


The electrodermal conditioned defensive reflex is known to be formed very rapidly as a rule. The character= 
istic feature of this conditioned reflex is the fact that if the current {fs given only in cases where the conditioned 
reflex is absent, an enduring conditioned connection is forged extremely rapidly. This fact has already drawn the 
attention of V. P. Petropaviovskii (11), L. I. Laptev (9), A. N. Bregadze [4] and others. Using this feature of the 
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defensive reflex, we sct up experiments without using relnforcement over a long period of time; this enabled us 
to observe the function of the thyroid gland under the influence only of impulses arising from the cerebral cortex, 


We determined the functional state of the thyrofd gland by the absorption of radioiodine and the excretion 
of its active products into the blood stream. 

The radioactivity of the thyroid gland was measured by means of a y -ray counter (AMM-4), combined with 
apparatus B, This counter was firmily attached to the neck over the thyroid gland. To determine the activity of 
the peripheral tissues the counter was attached to the lower third of the thigh. Radiolodine was administered in 
doses of from 2 to 5 pC to the dog. Next, after various intervals of time, successive determinations were made 
of the radioactivity of the thyroid gland and of the peripheral tissues. The absorption of radioiodine was studied 
during the first 5 hours after its administration, The maxirnum absorption was detected after 24 hours. The work 
was done on 6 dogs; in all 270 experiments were performed, in which the activity of the thyroid gland was studied 


under the influence of the normal and pathological cerebral cortex. 


At the beginning of the work we studied variations {n the level of radiofodine in the thyroid gland with the 


dog kept in a chamber and on a machine. It was shown that these variations did not transgress physiological li- 


mits, not exceeding + 10 %, 


EXPERIMENTAL RESULTS 


The use of an electric current as an unconditioned stimulus stimulates the secretion of radioiodine by the 
thyroid gland. Even one hour after stimulation of the dog's paw with the electric current the quantity of radio- 
fodine in the gland had sharply diminished, and only 3-4 hours after its action did a tendency appear for it to be 


restored to its original level. 
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Fig. 1. The influence of defensive conditioned reflexes on the 
absorption of radioiodine by the thyroid gland. 
A) Normal; B) after action; 1) thyroid gland; Il) blood. 


To study the influence of electrodermal defensive conditioned reflexes on the hormone-forming function, 
the animal was placed in a chamber immediately after the administration of radioactive iodine; during the first 
hour of the investigation a conditioned stimulus (Mj29) was given 10 times at S-minute intervals; next the impulses 
from the thyroid gland and the thigh were counted after every hour. 


As may be seen in Fig. 1, absorption of radiolodine by the thyroid gland in normal, {.e. physiological con- 
ditions before the development of conditioned defensive reflexes proceeds more intensively than when superim- 
posed on defensive conditioned reflex activity. A low level of absorption of radioiodine is noted not only during 
the first 4-S hours after the injection of ps. i.e. during the time the animal was in the chamber, but also after 
24 hours, The percentage absorption was found to be lowered more than twice. 


After the development of differentiation in the experiment we applied an alternately postive and inhibitory 
metronome at intervals of 5 minutes. The inhibitory metronome did not affect the course of absorption at all; it 
was lowered to the same degree as by the action of the ‘positive metronome alone, 


A 
B 
| 
hours 
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It may be suggested that the lowering of radlofodine absorption during defensive activity was caused by de- 
lay in its absorption from the gastro-intestinal tract. In order to verify this hypothesls we measured the radiolodine 
content In a part of the body remote from the thyroid gland — in the thigh. These measurements made {t possible 
to obtain tentative information on the content of radiolodine In the blood. It was found that the lc vel of radioiodine 
in the blood of the dogs at the time of the defensive conditioned reflex activity was higher than normal (see Fig. 1). 


It follows from these observations that at the time 
of defensive conditioned reflex activity the ability of 
the thyrofd gland to assimilate fodine from the environ- 
ment is depressed. The quantity of fodine contained 
in the gland is an index of the intensity of hormone 
formation; it follows from this that the ability of the 
gland to synthesize organic fodine compounds fs also 
depressed. 


Next we studied the influence of defensive con- 
ditioned reflexes on the phase of secretion of hormone 
into the blood, For this the radioactivity of the thyrofd 
gland was measured only 48 hours after the administra- 
tion of "to the animal. A conditioned stimulus (Mye) 
was applied 10 times at 5-minute intervals. Calcula- 
tion of the radioactivity of the thyroid gland was made 
every 60 minutes for 3-4 hours. The percentage change 
was calculated in relation to the original value of the 
radioactivity which was taken to be 100 %, 


Fig. 2. Excretion of radiolodine by the 
thyroid gland by the action of a positive 
ets ee eee Under the influence of defensive conditioned re- 
flexes the quantity of radioiodine in the thyroid gland 
fell. This reaction usually began an hour after placing 
the animal in the chamber and ended, as a rule, in 3 hours. Thus under these conditions the secretion of the active 
products of the thyroid gland is stimulated (Fig. 2). 

The influence of diffetential inhibition on the excretion of radioiodine by the thyroid gland was studied in 
experiments in which the inhibitory stimulus was applied in isolation, It was applied, just like the positive sti- 
mulus, 10 times during the first hour at S~minute intervals, In Fig. 2 it is apparent that even 30 minutes after the 
application of My an increase in the radioiodine in the thyroid gland is observed; during the following 2 hours the 
quantity of radioiodine in the gland rises and only after 3-4 hours does it return to its original level. In cases 
where differentiation was for some reason disinhibited the radioactivity of the gland fell, i.e. a reaction correspond- 
ing to the action of the positive metronome was observed. 

Thus a definite relationship ts observed between the functional state of the central nervous system and the 
separate phases of the secretory cycle of the thyroid gland. 

In normal physiological conditions, if hormone formation is intensified the secretion of active products of 
the thyroid gland into the blood ts intensified proportionately; on the other hand if hormone formation is slowed 
up, secretion is also slowed up. Consequently the phases of synthesis and secretion of hormone are interconnected. 
For this reason the function of the thyroid gland is determined as a rule by study of only one — usually the first ~ 
phase of the secretory cycle. Under the influence of defensive conditioned reflexes, in addition to intensification 
of the second phase of the secretory cycle — the phase of secretion — the first phase, that of hormone formation, 
is inhibited. For this reason, in such conditions assessment of the thyroid gland function must include considera- 
tion of both phases of the secretory cycle. 

The next part of the work was devoted to the study of the influence of disturbance of the higher nervous acti- 
vity on the secretory cycle of the thyroid gland. A change in the state of higher nervous activity was brought about 
in some experiments by increasing the length of action of the conditioned stimulus (in place of the usual 29 sec- 
onds the conditioned stimulus operated for up to 5 minutes) and by increasing the force of the unconditioned sti- 
mulus (the induction coil current was given at a distance of 1 cm). As a result of these measures the overstrain- 
ing of the stimulatory process reached such a severe degree that it brought the animal into a state of prohibitive 
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inhibition, In this state, in addition to a considerable fall in the conditioned reflexes, profound changes arose tn 
the secictory cycle of the thyroid gland, These changes were expressed as an increase in the process of hormone 
formation and a reduction in the secretion of the active products of the thyroid gland into the blood. ~ 


| 
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Disturbance of the normal activity of the cerebral 
cortex was also produced by competition between the 
postive conditioned reflex (My) and the inhibitory con- 
ditioned reflex (Mjo) for a period of 10 days. Usually the 
“shock” was applied up to 4 times in the experiment, and 
even during the first day of the “shock” a sharp falling 
off in the conditioned reflexes was observed. On subse- 
quent days the conditioned reflexes disappeared comple- 
tely and then reappeared. On the day when the “shock® 
was administered,the dog changed its behavior in the 
chamber, whimpered and would not take its food; to- 
wards the end of the experiment it hung on its straps and 
slept. Thus, inder the influence of the “shock” also, the 
animal fell into a state of prohibitive inhibition. As 
with the overstraining of the stimulatory process, changes 
were observed in the secretory cycle of the thyroid gland, 


expressed as inhibition of secretion of the active products 
higher nervous activity on absorption of 
. : of the thyroid gland into the blood, and stimulation of 
radioiodine by the thyroid gland. 
I) Before “shock; Il) after "shock® hormone formation, Stimulation of the process of hor- 
ses : mone formation may be observed both during the first 


5 hours after administration of radioiodine to the animal 


and 24 hours after its administration (Fig. 3). This is evidence of increase of the maximum sheorption of radio- 


With disturbance of cortical function, the second phase of the secretory cycle of the thryoid gland Is strongly 
inhibited. As may be seen in Fig. 4, in the first days of the “shock a considerable increase in the radioactivity 
of the thyroid gland is noted, while in the following days the reaction of the thyroid gland to the “shock” has weak~ 
ened. Subsequent “shocks*, administered after various intervals of time (after an interruption of two months or 


one month), gave nothing new by comparison with previous ones (sce Fig. 4). 


Hours 
a 


Fig. 4. The influence of derangement of higher nervous activity on the content 


of radioiodine in the thyroid gland. 
a) first “shock” (6—16/ 11 1956); b) second “shock” (10—20/ IV 1956); 


c) third "shock" (14—-16/V 1956). 
It is known that after administration of Jabelled iodine to an animal, it is found to be deposited in the form 


of inorgan:c iodide, ditodotyrosine and thyroxin in the liver, muscles and small intestine (Perlman, Morton and 
Chaikoff (17)}. It may be supposed that at the time of the “shock" conditions are created for increased assimila- 
tion of labelled iodine from these organs. However since the gland at this time is capable of actively taking in 
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fodine, the excreted labelled fodine feces Geese organs may be absorbed Into the gland and be stored there, It may 
be that this fs assisted by the retarded paocess of secretion of radiolodine fromthe gland. This process demands @ 


special analysis, on which we are engaged at the present time. 
As we have shown, a change fe dee functional state of the cerebral cortex leads to enhanced secretion of the 

active products of the thyroid gland fmeo the blood; this, we may suppose, fs one aspect of a series of events in- 
volving high oxidizing processes at the time of the defensive activity. But this high secretion by the gland, because 
of the compensatory mechanism, fs Bimalsed by a fall in the level of hormone formation. Thus, under the influence 
of cortical impulses the activity of the thysoid gland is regulated in accordance with the requirements of the body. 
At the time of disturbance of the fumction of the central nervous system of a pathological nature, for example in 
the “shock", increased horinone formation is combined with accumulation of the hormone in the thyrold gland. 


Stimulation of the phase of hormane formation in disorders of cortical function may evidently be regarded 
as an intitial, latent phase of development of thyrotoxicosis. In our investigations the animal fell into a state of 
prohibitive inhibition as a result of the disturbance of higher nervous activity; for this reason, {t appears to us, 
the second phase of the secretory cycle was found to be inhibited. Derangement of higher nervous activity with 
overaction of stimulation, most likely beads to stimulation of both the first and second phase of the secretory cycle 
of the thyroid gland, i.e. to a state similar to that observed in thyrotoxicosis. 


SUMMARY 


_ The function of the thyroid gland in dogs was evaluated with the aid of radioactive lodine. The functional 
condition of the brain comnex was changed by conditioned reflexes, Data were obtained which demonstrate that 
the function of the thyroid gland is regulared by the brain cortex and depends on its functional condition. The brain 
cortex influences the process of hormone production and of excretion of metabolic products of the glands into the 
blood. Thus it coordinates the function of the thyroid gland with the requirements of the whole organism. 
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THE EFFECT OF STIMULATION OF THE DIENCEPHALON OF THE FROG WITH 
ADRENALIN ON CEREBROSPINAL DOMINANCE 


O. V. Verzilova 


From the electrophysiological laboratory (Acting Head O. V. Verzilova) of the Institute of Normal and 
Pathological Physiology (Director — Active Member of the AMN SSSR Prof. V. N. Chernigovskii) of the 
AMN SSSR, Moscow 


(Received August 12, 1957. Submitted by Active Member of the AMN SSSR Prof. V. N. Chernigovskti) 


In nervous activity great importance is attached to the appearance of dominance, which A. A, Ukhtomskil 
(5] considered to be a general working principle in the work of nerve centers. A dominant focus, according to the 
investigations of A. A. Ukhtomskii [6] and his pupils, possesses increased excitability, persistence of excitation 
and the ability to summate excitation and inertia. 

According to the view of A. A. Ukhtomskii[7, 8},dominant foci are continually appearing and disappearing 
in the nervous system as a result of external influences and the internal condition of the animal, facilitating its 
adaptation to the current environmental conditions. The appearance and disappearance of dominant foci play an 
important part in the integrative activity of the nervous system and are extremely important in pathology since 
the pathological appearance of dominant foci and their disappearance or, on the other hand, their prolonged per- 
sistence may bring about a distorted pathological reaction of the nervous system, For this reason it is of the great- 
est importance to study the mechanism of formation of dominant foci in the central nervous system and the con- 
ditions influencing their appearance and development. Great interest here in connection with the study of inter- 
central relationships concems the problem of the influence of the higher divisions of the central nervous system 


on the dominant focus. 
The aim of the present investigation was to study in the frog the influence of the centers of the diencephalon, 


which have the greatest subordinating influence, on the development of a dominant focus in the flexor center of 
the spinal cord. Stimulation of the centers of the diencephalon was effected by the action of adrenalin, 


EXPERIMENTAL METHOD 


The cerebral hemispheres of a frog (Rana ridibunda) were extirpated and the peroneal nerve and se mitendi- 
nosus muscle exposed on one side and the peroneal nerve on the other, The frog was fixed on a test plate and placed 
in a humid chamber. The ipsilateral and contralateral peroneal nerves were placed on Dubois-Reymond electrodes 
for the purpose of stimulation. To stimulate the nerves we used an induction coil. A thyratron stimulator or a 
condenser discharge system with a frequency of S0cps. The inclusion of a stimulation was recorded on a myograph 
and an oscillograph. A tracing of the muscle contraction was made on a myogram and simultaneously, by means 

of an electromyograph, on an oscillogram. The action currents from the semitendinosus muscle were picked up 
with silver needle electrodes through an amplifier (period of discharge — from 3to7000cps) to a six-lead oscillo- 
gtaph. The action currents of the muscle were recorded by lead no. 1. Time intervals were recorded by sinusoids 
with a frequency of S0cps. The experiments were conducted so that on a background of stimulation of the ipsi- 
lateral peroneal nerve, stimulation of the contralateral peroneal nerve was switched on and the effect of reciprocal 
inhibition was recorded, Next we stimulated the Ipsilateral peroneal nerve with a current of specially selected 
frequency and strength, and after determined intervals of time the presence of reciprocal inhibition was checked. 
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EXPERIMENTAL RESULTS 


The experimental results showed that after stimulation of the central end of the ipsilateral peroneal nerve 
with a current of determined frequency and strength there appeared a distortion of the effect of reciprocal stimu- 
lation, when addition to stimulation of the ipsilateral peroneal nerve of stimulation of the contralateral peroneal 
nerve caused, in place of inhibition, strengthening of the reflex contraction of the semitendinosus muscle. The 
flexor center at the same time possessed a considerable state of inertia, since the ability to distort the effect from 
reciprocal stimulation was maintained after the inclusion of rhythmic stimulation of the ipsilateral peroneal nerve, 
These signs give ground for considering that the persistent state of excitation which we created in the flexor center 


of the spinal cord is dominant. 


Fig. 1. No, 25. Rana ridibunda. 
Formation of a dominant focus in the flexor center of the 
spinal cord of the frog by stimulation of the ipsilateral 
peroneal nerve with a current composed of single sub- 
threshold impulses. 

Interpretation of the curves (from above downwards): 
record of contractions of semitendinosis muscle, record of 
stimulation of ipsilateral peroneal nerve, record of stimu- 
lation of contralateral peroneal nerve. The figures below 
the records of stimulation show the distance between the 


coils in centimeters. 


In forming spinal dominant foci in the frog by the method proposed by I. A. Vetiukov [1] and later used in 
work by A. M. Efimova [2], they applied rhythmic stimuli to the peroneal nerve by an induction current of fre- 
quency 40-SO0cps, and intensity 2-3 cm above the excitatory threshold. In our own experiments we produced a 
dominant focus in the flexor center of the spinal cord by prolonged stimulation of the central end of the ipsilateral 
peroneal nerve with single stimuli or rhythmic impulses of current with a frequency of 10cps, at a current strength 
equal to the threshold Of reflex stimulation and below the threshold, and also by prolonged sub-threshold tetanic 
stimulation. As an illustration we show the kymogram of one of these experiments (Fig. 1). 


From the kymogram it is clear that under the influence for 40 minutes of single stimulation of the ipsilateral 
peroneal nerve with a sub-threshold current (distance between the coils was increased to 2 cm over the threshold 
distance) the reciprocal inhibition gradually weakened and an enhancing effect of contraction of the semitendinosus 
muscle appeared on stimulation of the contralateral peroneal nerve. Weak, prolonged stimuli, causing the form- 
ation of a dominant focus and not producing the largest contractions, led to increase of the amplitude of the reflex 
contraction of the muscle. These facts point to an increase in the excitation of the dominant focus and to its abi- 
lity to summate excitation in the form of current impulses from outside. However, with the most frequent and the 
strongest stimulation of the peroneal nerve, depression of the center was observed and the dominant focus disappeared. 


A. A. Ukhtomskii pointed this fact out previously in his work (6]. 


After the preliminary experiments to form a dominant focus in the flexor center of the spinal cord we moved 
on to investigate the effect on the dominant focus of the centers of the diencephalon, which was stimulated by the 
action of adrenalin. For this purpose we applied to the cut end of the diencephalon of the frog a filter paper soaked 
in 1: 1000 adrenalin soltuion, Preliminary experiments were set up to study the changes in the spinal reflexes by 
the action of adrenalin on the diencephalon, The results obtained showed that adrenalin exhibits a biphasic action, 
causing at first increase ahd later reduction in the amplitude of the reflex contractions of the semitendinosus muscle, 
We show a kymogram of the experiment with the action of adrenalin on the diencephalon of the frog (Fig. 2). 


© . 
; 
ty } 
(| 
min.} {10 min. [10 min.}{10 min.) 
: 
141 


From the kymogram {t [s clear that 2 minutes after the application of the paper soaked {n adrenalin oo the 
region of the diencephalon, the amplitude of the reflex contraction of the semitendinosus muscle was considerably 
increased (by 40 %). On further action of adrenalin the amplitude of the reflex contractions of the muscle began 
to diminish and 30 minutes after the beginning of the action of adrenalin it was greatly reduced, being 15 % of 
the original magnitude of the reflex recorded at the start of the experiment, Inhibition of the reflex comzactions 
as a result of the action of adrenalin on the diencephalon of the frog was previously observed by P. A. Kisefev [3], 


G, A. Levitina [4] and other. . 


Fig. 2. Experiment No. 65, Rana ridibunda. Change in the amplitude 
of reflex contractions of the semitendinosus muscle by the local action 
of adrenalin on the diencephalon of the frog. At the moment indicated 
by the arrow a filter paper soaked in 1 ; 1000 adrenalin was applied to 
the cut end of the diencephalon. 

Interpretation of the curves (from above downwards); record of contrac- 
tion of the semitendinosus muscle; record of stimulation of the ipsi- 


lateral peroneal nerve (2.5 v). 


After removal of the adrenalin and rinsing the cut end of the brain with Ringer's solution the reflex activity 
of the spinal cord was restored. Since the action of adrenalin on the diencephalon of the frog in itself &3 not 
cause the contractions of the semitendinosus muscle, but when reflex contractions of the muscle were presest it 
led to change in the amplitude of these contractions, these experiments demonstrated the influence of the dience- 


phalon on the functional state of the spinal centers. 


In later experiments we investigated the effect of stimulation of the diencephalon by the action of acrena- 
lin on the spinal dominant focus and obtained the following results. After the development of the dominrzt focus 
in the flexor center of the spinal cord, when stimulation of the contralatera] ;eroneal nerve produced, in place of 
reciprocal inhibition, stengthening of the reflex contraction of the ipsilateral semitendinosus muscle, this was still 
further increased by the effect of stimulation of the diencephalon of the frog by the action of adrenalin. Ik is in- 
teresting to note that the amplitude of the reflex contraction of the semitendinosus muscle, as in the pressing 
experiments, was usually diminished by the prolonged action of adrenalin, but the effect of increase of = muscu- 
lar contraction due to stimulation of the contralateral peroneal nerve was retained or even increased. : 


ay 


ae 


As an illustration of the effect of stimulation of the diencephalon by the action of adrenalin on the spinal 
dominant focus we show a myogram and an oscillogram of the following experiments, On the kymogram recorded 
in experiment No, 113 (Fig. 3, a), it is shown that after sub-threshold stimulation of the ipsilateral peroneal nerve 
a dominant focus is formed in the flexor center of the spinal cord, since stimulation of the contralateral peroneal 
nerve produced strengthening of the reflex contraction of the semitendinosus muscle. By the action of 22ecalin 
on the diencephalon of the frog, as may be seen from the kymogram, the amplitude of the reflex contraction of 
the semitendinosus muscle was gradually reduced (from 38 to 23.3 mm), however the strengthening effect of sti- 
mulation of the contralateral peroneal nerve on the reflex contraction of the muscle was increased (frora 10.2 to 
29.4 mm). Thus against a background of diminishing amplitude of the reflex contractions of the semite=Zinesus 
muscle due to the action of adrenalin on the diencephalon of the frog the ability of the dominant focus to sum- 
mate excitation entering the central nervous system was increased. After removal of the adrenalin and rinsing the 
cut end of the brain with Ringer's solution, as may be seen from the kymogram, the reflex contractions of the 
semitendir 2sus muscle were increased (to 25 mm), while the strengthening of the reflex contraction arisicg with 
stimulation of the contralateral peroneal nerve was reduced (to 11.1 mm instead of 29.4 mm with the 2ctica of 


adrenalin). 
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Change in the actfon currents of the muscle in the dominant focus under the influence of stimulation of the 
diencephalon by adrenalin are shown on the oscillograms (Fig. 3, b, c). From the first oscillogram (Fig. 3, b) it . 
is seen that on the formation of a dominant focus in the flexor center of the spinal cord of the frog, the amplitude 
of the action currents of the muscle arising during reflex contraction of the semitendinosus muscle was increased 

by stimulation of the contralateral peroneal nerve (in 84.5 % 


7 


Fig. 3. Experiment No. 113. Rana ridibunda. 
Stengthening of the dominant focus in the flexor center of the spinal cord 

by the local action of adrenalin on the diencephalon of the frog. 

a) Change in the amplitude of the reflex contractions of the semitendi- 

nosus muscle by the action of adrenalin on the diencephalon of the frog 
against the background of the dominant focus; at the moment shown by 

the first arrow a filter paper soaked in 1;1000 adrenalin solution was applied 
to the cut end of the diencephalon of the frog; at the moment indicated by 
the second arrow the adrenalin was removed, The interpretation of the curves 
from above downward is: record of the contractions of the semitendinosus ‘ 
muscle; record of stimulation of the ipsilateral peroneal nerve; record of 
stimulation of the contralateral peroneal nerve; b) change in the action 
currents of the semitendinosus muscle caused by reflex stimulation by stimu- 
lation of the contralateral peroneal nerve on the background of the dominant 
focus. Oscillogram: c) the same, after application of a filter paper soaked 
in 1;1000 adrenalin solution to the cut end of the diencephalon of the frog. 
Oscillogram, Interpretation of the curves (from above downward ): record 

of the action currents of the semitendinosus muscle; record of contractions 
of the semitendinosus muscle; record of stimulation (disappearance of the 
line) of the contralateral peroneal nerve; record of tume (0.02 seconds). 


Under the influence of stimulation of the diencephalon by the action of adrenalin, as may be seen from the 
second oscillogram (Fig. 3, c), the amplitude of the action currents of the muscle during reflex contraction of the 
semitendinosus muscle was diminished (by 25.5 %). However stimulation of the contralateral peroneal nerve at 
the same time caused increase of the amplitude of the action currents of the semitendinosus muscle which was 
greater (by 166.1 %) than before the action of adrenalin (84.5 %). 


Thus, the experimental results showed that stimulation of the dieacephalon of the frog due to the action of 
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adrenalin enhances the dominance of the flexor center of the spinal cord, In thls way ihe Increase {n the amplitude 
of contraction and of the action currents of the semitendinosus muscle during stimulation of the contralateral per- 
oneal nerve against the background of the reflex contraction of the muscle, observed during the formation of the 
dominant focus, fs intensified. Intensification of development of the dominant focus in the flexcz center of the 
spinal cord may arise concurrently with some reduction in the reflex excitability of the flexor center, since on 
prolonged action by adrenalin on the diencephalon of the frog reflex excitability falls, but the dominant state of 
the center continues to be strengthened. 

The results obtained enable the conclusfon that the formation of a dom{nant focus {n the spinal cord of the 
frog depends on the Influence of the diencephalon which, causing a change in the functional state of the spinal 
centers, may alter the intensity of development of dominance, . 


SUMMARY 


Frog‘s diencephalon was stimulated by the action of adrenalin on the spinal cord dominant. The result of 
these experiments permit the conclusion that in the frog, formation of the spinal cord dominant depends or the 
influence of the diencephalon. The latter may change the intensity of development of the dominant by causing 


the change in the functional condition of the spinal cord centers. 
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TONIC REFLEXES IN MAN 
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Although proprioceptive tendon reflexes had been well studied even in the 19th centry, the first mention of 
tonic reflexes (in the frog) was made in 1860 in the work of P. Brongeest [9]. Fundamental experimental investi-- 
gations on the tonic reflex in warm-bloooded animals were performed in the first quarter of the 20th century (Sher- 
rington [8] — proprioceptive tonic reflexes, Magnus [10] and I. S. Beritov [1]— labyrinthine tonic reflexes, Magnus 
{10} — cervical tonic reflexes, and so on). 


Tonic reflexes inman have been studicd mainly by clinical observation (the so-called postural reflexes). 
A characteristic proprioceptive tonic reflex, found in healthy persons, was described in 1925 by A. A. Ukhtomskil 
{6}. This reflex is produced in the muscles of the upper and lower limbs of man as a result of preliminary isometric 
contraction (withdrawal of support from the hand or foot) and arises in consequence of the fact that as the with- 
drawal ceases, the hand (or foot) smoothly and easily and involuntarily for the subject is raised through a greater 
or lesser angle and, after being held for a while, it falls. This reflex, the mechanism of which is of great interest 
and which is a useful test for studying the regulation of tonus in man, has only recently been added to the list of 
systematic investigations. V.G. Kunevich (3] studied the magnitude, degree of symmetry and variability of this 
reflex and gave his results in graphic form, showing its variation, 


Regarding this reflex as an element of the tonic function of the skeletal muscles in man and intending to 
study the influence of the cerebral cortex on muscular tone, in 1951 we produced a conditioned tonic reflex (on 
the basis of the reflex described by A. A. Ukhtomskii) and discovered its characteristic feature — the necessity of 
applying the conditioned stimulus not before the beginning but before the end of withdrawal, and also the relative 
difficulty ofits extinction [E. P. Kesareva, ( 2, 5)]. 

In the presen: article we present an analysis of the characteristic features ofthis unconditioned reflex as shown 
by observations on many human subjects including observations during production of conditioned reflexes, and also 
an analysis of the relationship of these features to the ordinary activity of man, 


EXPERIMENTAL METHOD 


For recording the reflex we used: 1) the method of graphic recording of muscular tone — myotonography — 
systematically used by us since 1951[5, 7] and 2) visual observation of the range of elevation of the arm (with 
an accuracy of 5°). Withdrawal was carried out by tightly stretched rubber bags (Riva-Rocci cuffs), connected to 
a mercury manometer for tneasuring the force of withdrawal (in millimeters of mercury). To record reflex muscle 
tone in accordance with the biomechanical character of the withdrawal producing the reflex, we chose the deltoid 
muscle; the tone of this muscle can be recorded with practically no effect by the other muscles on the recording 
device. 
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A. A, Ukhtomskif (6) pointed out that the reflex {fs obtained by withdrawal lasting 0.5-1 minute, A special 
series of experiments in which withdrawal continued from 15 seconds to 2 minutes showed that the most useful 
duration of withdrawal {s 30 seconds, since with a shorter duration the reflex {s not always found and a longer dura- 
tion fs pointless since it fatigues the subjects and only slightly strengthens and extends the reflex, For this reason 
in all experiments with unconditioned and conditioned reflexes we maintained withdrawal for 30 seconds, | 


EXPERIMENTAL RESULTS 


In the great majority of subjects observed, the reflex was found to be very variable in its parameters. In 
this respect our results agree with those of V. G. Kunevich [3]. However this variability observed is not accidental 
but reflects the character of habitual human motor activity and depends on the preexisting development and train- 


ing of the motor aralysor. 


Fig. 1. Myotonogram of withdrawal and of the “latent® 
reflex in the subject N. P. (male, aged 27, Grade I gym- 
mast). Force of withdrawal (€— 20-25 mm mercury, 
Intertpretation of curves (from above downward ); right 
deltoid muscle, left deltoid muscle, time in seconds. 


The duration of reflex elevation of the arm, from first determinations, varies from 10 seconds to 1 minute 
and sometimes 2-3 minutes, depending on the form of activity of the subject; it is shorter in untrained persons 
and athletes engaged in speed training mainly of the lower limbs — in runners (8-20 seconds), longer in pole vaul- 


ters (20-50 seconds)and longest in gymnasts (1-3 minutes). 


The height of the reflex elevation of the arm also 
depends on the habitual motor activity and varies sharply 
— from contraction of the muscles without raising the arm 
from the trunk and elevation to 60-90°, In untrained 
subjects it reached 20-45°, in pole vaulters and runners 
— 60-90°. The most characteristic reflexes were found 
in highly qualified gymnasts (Grade I and Masters of 
Sport); in them the reflexes, as a rule, either were not 
apparent or else after withdrawal there was observed a 
prolonged, visually discernible contraction of all the vi- 
sible muscles of the right arm, and on the myogram there 

appeared a prolonged, weak rise fa the curve (Fig. 1). 

LS This reaction of a “latent reflex® in gyianasts was not 
found in those with shorter training, but a typical tonic 
reflex was observed (Fig. 2). From the character of the 
myogram in different persons the reflex is either more 
sudden and shorter than on the myogram shown here or, 
on the other hand, the curve may rise gradualiy and then 


Fig. 2. Myotonogram of withdrawal and of 
a typical tonic reflex in the subject M. Z. 

(male, 21 years, gymnast and Grade 3 pole 
vaulter ). Force of withdrawal (<- -®) 45 


mm mercury. Elevation of the arm begins rapidly fall. 
If the subject takes part often in single or serial 
to 110°, kept there until 21 seconds, then slowly 
experiments during which withdrawal {is repeated, the 
falls (56 seconds altogether). 
reflex undergoes a regular modification, The essence 


Interpretation as in Fig. 1; time — 2 seconds. 


Vv 
Js 
146 


Changes in the Unconditioned Reflex of the 
Right Deltold Muscle Observed During Deve- 
lopment and Consolidation of a Conditioned 
Reflex 


Date of 
Experiment 


21/X 1951 ol oa 
2 | so] 4 

7. | 6°] 31 

1951 8 | 43 
n | 

| ss] 28 

15 | 90°] 2% 

23 | 20 

1951 2% 2% 
28/XI 195! 30 | 120°] 25 
32 130° | 23 

G/XI1 1951 3? 130° | 19 
24/XI1 195! 4s jise] 13 
4/1 1952 50 | 120° 9 
22/1V 1952 s7 | 10] 12 
28/1V 1952 73 «| 145°] 10 
25/VI 1952 s2 | 15 


* The number of the reflex fs counted by 

the order of application, On strengthening 
the withdrawal unconditioned reflexes were 
produced, without strengthening — conditioned. 
In the table only unconditioned reflexes are 
included. 


seconds. 


of the habitual, f.e. conditioned reflex motor activity. 


of the change {s that the magnitude of the reflex increases and {ts duration becomes shorter, These changes in 
the unconditioned reflex artse very shapely during the formation of the conditioned reflex, particularly during pro- 
duction of differential and extinctive inhibition. It can be sald that the tonic reflex as it were loses {ts tonic pro- 
perties and becomes phasic, resembling tendon reflexes (5). 


Thus the characteristic features of the unconditioned proprioceptive reflex are determined by the character 


SUMMARY 


Proprioceptive tonic reflex first described by A. A.Ukhtomskii was investigated with the aid of myotono- 
gtaphy in sportsmen and untrained persons on deltoid muscle. It was established that the character value and dura- 
tion of the reflex depends on the previous motor habits of man. In repetition of the reflex in chronic experiments 

(formation of conditioned reflexes) the value of unconditioned reflex is Increased, while its duration is shortened, 


We give a table compiled from the results of ex- 
periments during formation of conditioned reflexes in the 
subject N. S. (male, 23 years). During prolonged obser- 
vations on this subject N. S.,in the course of production 
of conditioned reflexes, the magnitude of the uncondi- 
tioned reflex rose from 25 to 170° and its duration dim- 
inished from 41-44 to 10-15 seconds. The development 
of this process fs {llustrated in the diagram which shows 
changes In the magnitude and duration of the uncondi- 
tioned reflex during prolonged observations (Fig. 3). 


These results which we obtained may be looked upon 
only from the position of the unity of congenital and in- 
dividually acquired activity, from the position of the in- 
terdependence of unconditioned and conditioned motor 
reactions, The unconditioned tonic reflex in man is as 
it were the consequence of pre-existing voluntary motor 
activity which, according to I. P. Pavlov [4] is conditioned 
reflex in nature. For this reason in gymnasts, in whom 
in the course of their training prolonged static contrac- 
tions of the muscles are applied, an inertia of the excit- 
atory process in the cortical end of the motor analysor 
fs probably created, masking the unconditioned proprio- 
ceptive reflexes. 


The correctness of this explanation is confirmed 
by results obtained in observations on pole vaulters (who 
also have typically powerful muscular development). 
Usually performing brief contractions, consequently de- 
manding great concentration and mobility of the process 
of excitation in the motor analysor ,gives strongly marked 
proprioceptive reflexes in the form of elevation of the 
arm. This view {is supported also by the long preserva- 
tion of the change in the unconditioned reflex in subjects 


in whom conditioned tonic reflexes were produced, Thus insubject A. N., in whom during conditioned reflex ex- 
periments in 1951-1952 the magnitude of the reflex rose from 90-140° to 145-160°, while the duration diminished 
from 15-50 to 5-7 seconds, the observation was repeated two years later with production of an unconditioned tonic 
reflex (April 27, 1954). On the first test, after withdrawal from the left arm for 30 seconds with a force of 35-10 
mm mercury the reflex reaction after 7 seconds amounted to 165°, falling rapidly to 90° and then very slowly end- 
ing after 45 seconds. The right arm also gave a reflex of magnitude 165° and duration 48 seconds, but on repeti- 
tion of the reflexes they were found to be much shortened, in the left arm to 11 seconds and in the right to 16 
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nitude] of reflex 


Interruption of 2 
months in the - 


experiments 


Fig. 3. Diagram of the changes in magnitude and 
duration of the unconditioned proprioceptive tonic 
i reflex in the subject N. S. in the course of experiments 
in the formation of a conditioned tonic reflex. 
A) magniwde of the unconditioned reflex in degrees; 
B) duration of the unconditioned reflex in seconds; 
the figures on the abscissa — serial numbers of the un- 
conditioned reflexes during the prolonged experiments, 
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The effects of the nature of foodstuffs on the activities of the digestive glands are manifested in different 
ways, depending on the nature of the basic diet (B. P. Babkin [1], I. P. Pavlov [4], I. P. Razenkov [5], Knok, Auer- 


bach and Lin [10], and others). 

We have shown in our previous papers [6, 7 ] that the gastric juice secreted by a healthy animal in response 
to single applications of such alimentary stimulants as meat and bread is best adapted to digest the proteins pre- 
sent in the particular kind of food which is present at the given time in the alimentary tract. We have applied 
the terms “zoolytic™ to the proteolytic activity of gastric juice with respect to animal proteins, and “phytolytic 
to activity on plant proteins. The quotient of these two activities (index Ph/ Z) characterizes the "spectrum" of 
activity of gastric juice: if the index exceeds unity, the juice is adapted to the digestion of plant proteins, while 
if it is less than unity it is adapted to digestion of animal proteins. 


In our earlier communications we studied the course of these processes of adaptation of the digestive pro- 
perties of gastric juice during a single digestive act. The present paper is devoted to the study of the digestive 
power of gastric juice of animals maintained for short and long periods of time on different diets, and during the 


transition periods between changes of diet. 


EXPERIMENTAL METHODS 


The chronic experiments were performed on 5 dogs provided with an anterior wall stomach pouch, accord- 
ing to our procedure [8]. Samples of juice were taken at hourly or half-hourly intervals. In each such portion we 
determined the proteolytic power of the gastric juice with respect to plant protein (gluten) and to animal proteins 
(a mixture of denatured muscle proteins), from the rise in free tyrosine content (Anson and Mirsky ‘s method). 

by giving a single meat or bread 


We first estimated the adaptive power of the gastric glands of each animal , 
meal after a period of mixed foods, after which they were kept for 2-6 days on a vegetarian or milk-meat diet,® 
and then for the same length of time on the opposite diets, In addition, we examihed the effect of prolonged 


(2 months or more) meat or cereal feeding. 


EXPERIMENTAL RESULTS 


Our control experiments, applying single bread or meat meals, gave results in agreement with our earlier 
findings: the zoolytic properties of the juice preponderated after a meat meal, and the phytolytic oncs after a 


* On the former dict the dogs were given 0.8 liters of milk and ad. lib. amounts of cereal and black bread dafly. 
The later dict consisted of 9.5 liters of milk and 1 kg of meat per diem. 
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bread meal, Adaptation developed with great speed in most cases, The effect was only slightly more pronounced 
when cereal feeding was continued for 3-4 days. If the animal was then put on a meat diet, some of the specific 
features of the preceding diet persisted, even if it had been applied for a short time only. 
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Fig. 1. Ratio of phytolytic to zoolytic activity of gastric juice 
in short-term dieting experiments, The ordinate axis represents 
values of the Ph/ Z index (when Ph/ Z = 1 animal and plant 
proteins are digested to an equal extent; when Ph/Z > 1 plant 
proteins are more readily attacked, and when Ph/ Z < 1 animal 
proteins are more readily brokendown). The abscissae represent 
time in hours from the beginning of the experiment. 

a) Gastric juice secreted in response to a meat meal, first day 
of a meat diet following a vegetarian one; b) the same on the 
second day; c) the same, third day; d) the same, fourth day; 
e) gastric juice secreted in response to a cereal meal, on the 
first day of cereal feeding after a short meat diet. 


We found that when meat was first given after a brief period of cereal feeding the juice secreted during the 
first 1-2 hours was adapted to digestion of meat proteins, but during the subsequent few hours its properties changed 
to those characteristic of plant protein feeding (Fig. 1, a). As meat feeding was continued, all the portions of 
gastric juice began to show uniform properties, on the 2nd, 3rd, or 4th days (variously for different animals). Fig. 
1 shows how gradual adaptation to a meat diet developed over 4 days, after a preliminary meatless diet. 


When the animals were transferred back to a meatless diet we again observed a slow and gradual adaptation 
of the digestive properties of the juice to the new kind of food. 
We consider that the effect of a diet differs from that of a single alimentary stimulation less in the ampli- 


tude of the adaptive reaction (very pronounced adaptation may be seen after a single meal) than in this adapta- 
tion becoming habitual, inert, and ingrained, not readily giving place to adaptation to a new diet. 


This state of inertia of adaptive reactions of the glandular, and probably also of the regulatory apparatus 
of the experimental animals became established fairly rapidly (3-5 days). It seems that there exists a certain 
sequence in the process of conversion of the digestive properties of gastric juice in changing from one short period 


of dieting to another, 


It might haye been thought that if the animals are fed meat after being on a meatless diet the juice secreted 
during the first 1-2 hours would be appropriate to their former diet, and should then change its properties to those 
adapted to a meat diet. But, as appears from Fig. 1, the transformation was only complete on the 3rd day of meat 
feeding, a'though adaptation took place on the first day, but was of short duration only, When the animals were 
transferred to a meat diet the zoolytic properties of the juice began to predominate during the 1st-2nd hours (Fig. 
1, a), and then disappeared. At later times after meat had been eaten the juice collected in most of the experi- : 


ments showed adaptation to a cereal diet. 
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Thus the Juice secreted during the first few hours after a meal was adapted to the given type of food caten, 
after which {t reverted to the type adapted to the past staple diet of the animal. To a certain extent, these effects 
correspond tn tiie to the first reflex, and the second humoral-chemical, phases of gastric secretion, and they pro- 
bably reflect the lability of the adaptive processes acting during the first phase, and the well know. ‘nertia of those 


acting during the second phase. 


background 
40 days CD 
45 days CD 
49 days CD 


background 


Fig. 2. Ratio of phytolytic to zoolytic activities of gastric juice 
secreted in response to bread, during prolonged meatitess feeding. 

Background; mixed diet; CD; cereal diet; MD: mixed diet 

after a cereal diet. 

The adaptation of the digestive properties of gastric juice to a given alimentary stimulus does not appear 
immediately after transfer to a new dietary regime in the second phase of secretion, but having once made its 
appearance it is distinguished by its considerable stability and inertia, as has been pointed out above. 


We may thus assume the existence of two regulatory mechanisms. One of them, manifested during the 
first phase of secretion, is distinguished by the great lability of {ts process of adzptationto changes in the nature 
of the food eaten; the other, which makes its appearance during the second phase, is characterized by “habitua- 
tion™ to the given stereotype of food. These findings are to a certain extent in agreement with those obtained 
from the study of gastric juice collected from a Heidenhain pouch, and also from sham feeding experiments. 


Our experiments on short-term dieting threw some light on the reason why so-called “unsuccessful® animals - 
are encountered in studies on gastric digestion. 

It is generally known that many animals provided with a classical or modified Pavlov pouch do not display 
the effects described by I.P. Pavlov [4] and P. P. Zhizhin [9], showing adaptatica of the secretion to the nature of 
the food ingested, Such animals are traditionally excluded from the experiments, the reason for their rejection 
being specially discussed in each paper, The reason for the failure of such animals to adapt was usually put down 
to defective functioning of the stomach pouch, due either to operational injury, or to anomalies in its nerve supply. 


Under our experimental conditions, such “unsuccessful” animals did not give reproducible classical secretory 
curves, and adaptation to a given type of food was slight, or was even totally abolished, In the latter case, the 
juice secreted in response to meat or cereal feeding had identical ratios of phytolytic to zoolytic properties. 


When a given diet is continued for 2-4 days, such dogs show quite definite adaptation to a cereal or a meat 
diet. It follows that in such animals the process of adaptation of the digestive apparatus is distinguished by its 
high inertia, owing to which the organism docs not have enough time to achieve adaptation to frequent changes 


of diet. ; 


Although we cannot, within the limits of the present paper, enter into a more detailed discussion of our 
observations, we would like to draw attention to one paradoxical effect, which was observed during the late stages 
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of dicting (20-50th days), As has been pointed out above, when meat fs fed agalnst a mixed dict background, 
the juice secreted has a preponderance of zoolytic properties, whereas after cereal feeding phytolytic properties 
prevail. If, however, the animal had been kept on a cereal diet for 35-40 days a perceptible lowering of phyto- 
lytic, and a heighteining of zoolytic, properties of the gastric Juice was seen when cereal was fed. In such cases, 
Judging from the activity of the juice on protein substrates in vitro, it does not correspond to the nature of the dict 
(unlimited white and black bread, boiled potato, porridge, and 400 g of milk), or to that of the given alimentary 
stimulus (250 g of bread), inasmuch as it has a more zoolytic activity than the juice secreted on a mixed diet 

(Fig. 2). Conversely, the phytolytic activity of gastric juice secreted by aniinals maintained on a meat diet (meat, 
milk) for about the same length of time shows a definite rise. Continuation of a given dietary regime does not 


lead to the disappearance of this paradoxical effect, or to its weakening. 


How can we explain this phenomenon? 


It cannot be ascribed simply to loss of power of adaptation, and it cannot be considered to be a classical 
paradoxical phase. In the former case we would expect that, with the given dietary background, the activity of 
the juice should be the same irrespective of the nature of the alimentary stimulus given (meat or bread). Ina 
paradoxical phase we would expect the juice secreted in response to meat to have a higher Ph/ Z index than when 
bread is given (conversely to the normal reaction), In reality, however, we find the usual relative adaptation to 
bread or meat (the Ph/ Z index of the juice secreted in response to meat is lower than that secreted in response 


to bread). 

The digestive properties of gastric juice secreted during this phase are not, however, correlated with the 
nature of the given meal, but rather with that of the excluded dietary component. Is not the indigestibility of 
monotonous diets, recognized by most clinical physicians, due to this phenomenon, as well as the benefits of mak- 
ing radical changes from one to another form of long-term diet ? 


Judging from the literature, this phenomenon should not be regarded as being altogether unexpected. K. S. 
Zamychkina [2] has shown that when dogs are maintained on a carbohydrate diet for a long time, amylase makes 
it appearance in the saliva, and then disappears after 3-4 weeks of continucd carbohydrate diet. Thus the initial 
adaptation has been lost. When the dogs were transferred to a meat diet, the amount and the acidity of the gastric 
juice rose abruptly at first, but fell thereafter, as meat feeding was continued (3, 5}. 


It thus appears that there exist many phenomena of the same sort as the one described, and taking place 
within about the same time period. We do not consider our paradoxical effect to be a consequence of some pa- 
thological changes in the secretory apparatus. The point is that we observe a well-defined tendency towards re- 
version to the initial frunctional state immediately after transfer from a mixed to a meat or a cereal diet. It 
might be supposed that the secretion of juice possessing pronounced zoolytic activity after prolonged maintenance 
on a cereal diet, and of the converse effect after a prolonged meat diet, could be due to exhaustion of the me- 
chanisms which initially assured the secretion of juice having an activity appropriate to the given food. But if 
this is the case, it is not clear why, after much longer times, when inappropriate juice is secreted during the second 
dietary phase, exhaustion of the mechanisms assuring secretion of juice having the opposite properties does not 


take place, 
Moreover, as we have shown in other experiments which will be repotted elsewhere, special mechanisms 
assuring the secretion of zoolytic or phytolytic types of gastric juice do not appear to exist. 


There is oncother possible explanation. It is conceivable that after prolonged maintenance on a vegetarian 
or meat diet the organism somehow responds to deficiency in any particular dietary factor by a complex of adaptive 
reactions, involving also adaptations of the digestive system, tending towards the making good of the deficiency. 
From this viewpoint, the predominantly zoolytic properties of gastric juice secreted after prolonged feeding with 
plant products may be regarded as being an adaptation to whatever factor is missing from the diet. Under natural 
conditions, animals are to a certain extent free to select the food they eat, in which case the adaptive significance 


of the findings described by us becomes evident. 


SUMMARY 


It was shown that during short (3-4 day) vegetable and meat diets the adaptation of proteolytic properties 
of the gastric juice to the quality of food becomes, to a certain extent, inert. Immediately after the change from 
the meat dict to vegetable and vice versa, proteolytic properties of the gastric Juice correspond to the quality of 
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the food, while in the following few hours ~ to the quality of the previous diet. Adaptation to the new diet ts com- 
pletely developed in 2 to 4 days. However, a paradoxical phcnomcnon on the 3th to 50th day of prolonged diet ts 
noted, t.e. in meat diet — the phytolytic properties of the gastric juice become prevalent, while in vegetable — 


zoolytic, 
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Although it is over a century since respiratory undulations of blood pressure were first described by K. Lud- 
wig (16), and in spite of all the experimental studies devoted to this effect, divergent views are still expressed as 
to its nature, K. Ludwig [16], K. Vierordt, Einbrod [14], and I, M. Levashov [10] have shown that blood pressure 
rises during inspiration, and falls during expiration, These fluctuations were ascribed to changes in the rate of 
flow of blood to the heart during different phases of the respiratory cycle. During inspiration the negative pres- 
sure within the pleural cavity rises, and the flow of blood to the heart increases, leading to increase in the systolic 
volume of blood and to rise in arterial pressure. The converse relations prevail during expiration, and blood pres- 
sure falls. Such interpretations are to be found in textbooks of physiology (V. Ia. Danilevskii [7], L. Landua and 
Rozeman (9], R. Geber [4], A. G. Ginetsinskii and A. V. Lebendinskii [6], and K. M. Bykov [1] ). 


The chief factor responsible for respiratory undulations of blood pressure is generally held to be the mecha- 
nical effect. I. A. Spiriukov and V, Ia. Suetin, for example, consider that the respiratory undulations of blood 
pressure are due to the pressor action of the lumbar part of the diaphragm, and suggest that the respiratory undula- 
tions should be called diaphragmatic undulations. E. Baucreisen, H. Busse, and R. Wagner [15], applying a method 
of continuous recording of blood pressure of human subjects, examined the filling of the left ventricle during in- 
spiration and expiration, and came to the conclusion that the cause of the respiratory undulations is to be found 
in the direct action of changes in intrathoracic pressure on the heart and blood vessels, and to changes in the fill- 


ing of the heart owing to changes in flow of blood from the veins. 


Conflicting views have, however, also appeared in the literature. Moro and Legrenier have shown, in ex- 
periments on rabbits, that blood pressure falls at inspiration, instead of rising, and falls during expiration. The 
same view was advanced by A. Mosso[17], who used a finger pletysmograph of measuring blood pressure of humans, 
and by J. Tornai [18], S. S. Zuev [8], G. A. Vaksleiger [2], A. M. Melik-Megrabov [11], and others. 


Thus the literature shows a lack of unanimity as to the nature of the respiratory undulations of blood pres- 
sure, This is a consequence of the complex nature of the phenomenon, which cannot be ascribed solely to mecha- 


nical factors (effects of changes in intrathoracic pressure). 


It is known that the Traube-Hering waves are due to reflex effects from pulmonary receptors acting on vas- 


cular tonus. 
It was shown by P, M. Nikiforovskii [12], in 1. P. Pavlov'‘s laboratory, that distension of the lungs caused a 
reflex acceleration of heart rate, and that collapse of the lungs had the opposite effect. V. V. Parin [13] perfused 
an isolated lung, with intact nervous connections withthe central nervous system, and noted that raising of pres- 
sure in the pulmonary blood vessels caused a reflex fall in the systemic blood pressure, with a retardation of heart 
sate. This effect disappeared after division of the vagi. 


Other pulmonary effects on the systemic circulation have been reported. V. A. Vinokurov and M., V. Ser- 
gievskii (3) found that changes in pressure within one or both lungs were followed by vascular waves of the third 
order, This effect persisted after division of the vagi, and removal of the stcllate ganglia and the thoracic sympa- 
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thetic ganglia. These authors consider that vascular waves may arise not only from reflex impulses, but also from 
changes in vascular rhythmicity in response to localized humoral factors. 

K. Heymans and D. Cordier [5] have shown that, In the thoracic type of respiration, Inspiration fs assoctated 
with rise in blood pressure, and expiration with fall in blood pressure, whereas in the abdominal type of respiration 
the opposite effects are found. With the mixed type of respiration, or with inspiratory and expiratory pauses, poly- 
phasic changes in blood pressure are observed. These authors remark that the mechanisms whereby respiration af- 
fects blood pressure may be hydrodynamic, cardiac, vasomotor, arterial, or venous in origin, 


The mechanisms responsible for the appearance of respiratory waves of arterial pressure may thus be of 
many kinds, and there are also contradictory descriptions of the phenomenon, given by different authors. Far too 
little work has been done on respiratory undulations in human subjects, under clinical conditions, 


We have attempted to obtain more precise information on the nature of respiratory effects on arterial pres- 
sure in the human, using for this purpose our method for the simultaneous recording of Korotkov sound effects, 
arterial oscillograms and pulse rates, pressure in a pneumatic cuff, electrocardiograms, and respiration. 


EXPERIMENTAL METHODS AND RESULTS 


Our recordings were made with the aid of a system of pickups and amplifiers, using an 8-channel oscillo- 
gtaph, Mark MPO-2, which permitted the simultaneous registration of a number of processes, Pressure within 
the cuff and respiration were measured by means of sensitive optical manometers with pneumatic transmission 
mounted within the body of the oscillograph. 

The Figure gives an example of recordings made in one of our experiments. 


As appears from the tracings, the first sound effect, with intensification of the oscillations of the arterial 
wall and of the pulse below the cuff appeared when the pressure within the cuff amounted to 136 mm Hg, and 
they appeared at the moment of expiration, and were absent during inspiration. 


It may therefore be taken that arterial pressure rises during expiration, and falls during inspiration, The 
sound effect appeared and disappeared periodically, and with further fall in pressure within the cuff, and only when 
this had reached 120 mm or less did the arterial sounds persist during inspiration. The amplitude of the respira- 
tory undulations of arterial pressure amounted in the given case to 15 mm Hg. 


Similar recordings of respiratory undulations of arterial pressure were made on 18 cases. In most of these, 
respiratory undulations were normally either absent, or were insignificant. They made their appearance, or be- 
came more accentuated, in all cases when the depth of respiration was increased. Respiratory undulations were 
observed during normal respiration in patients suffering from pulmonary tuberculosis, 


According to S. S. Zuev [8] and G. A. Vaksleiger [2] such undulations constitute one of the characteristic 


signs of lung disease. 

It should be noted that all our observations of respiratory undulations were of the same type: blood pressure 
fell during inspiration, 2nd rose during expiration. The belief that blood pressure rises during inspiration, and 
falls during expiration, is therefore disputable; it was evidently based on observations made during acute experi- 
ments on animals, which cannot be applied to human subjects. 

The fact that blood pressure falls at the moment of inspiration, and rises during expiration, ts evidence that 
respiratory undulations of blood pressure in the human may be due not to mechanical factors (changes in intra- 
thoracic pressure), but rather to reflex effects, Respiratory undulations of blood pressure are similar in type, in 


the human, to Traube-Hering waves. 


SUMMARY 


The respiratory waves of arterial blood pressure were studied in man with the aid of the following simulta- 
neously performed tests: objective registration of Korotkov sound phenomenon, pressure in the cuffs, oscillation 
of arterial wall, pulse in the artery distal to the cuff, electrocardiogram and respiration, Registration was carried 


out with the aid of corresponding pickups, amplifiers and an 8-channel oscillograph. In all cases it was noted that 


there is decrease of arterial blood pressure on the height of inspiration and increase on the height of expiration. 
Respiratory waves of the blood pressure in man are similar in type to Traube-Hering waves and are rather reflex 


than mechanical in origin, 


| 
~ 
= 
/ 
156 


. 


LITERATURE CITED 


{1} K. M. Bykov, Textbook of Physlology,® Moscow, 1955, 
{2) G. A. Vakslelger, Tr. Kulbyshev Voenno-Med, Akad. 5, 73-82 (1941). 
{3) V. A. Vinokurov and M. V. Sergievskif, Tr, Kuibyshev Gos, Med. In-Ta. 3, 40-48 (1950), 


[4] R. Geber, Human Physlology,* Moscow-Leningrad, 1935, 

{5] K. Heymans and D, Cordier, The Respiratory Center,* Moscow-Leningrad, 1940, 

(6) A. G. Ginetsinskit and A, V. Lebedinskil, Principles of Human and Animal Physfology,® Leningrad, 
1947, 1956. 

{7} V. Ia, Danflevskii, Human Physfology,® Vol. 1, Moscow, 1913. 

[8] S. S. Zuev, Sov. Vrachebnala Gaz. No. 21, 1671 (1935). 

{9} L. Landua and R. Rozeman, Textbook of Human Physlology,* Moscow, 1913. 

(10} I. M. Levashov, Vrach 22, 1433, 1471, 1504 (1901). 

(11) A. M. Melik-Megrabov, Contemporary Problems of Physiology, Biochemistry and Pharmacology,® 
pp. 519-521 (Moscow, 1949). 

(12) P. M. Nikiforovskil, Izvest. Voenno-Med. Akad. 21, No. 3, 221-231 (1910). 

{13} V. V. Parin, Role of the Pulmonary Blood Vessels in Reflex Regulation of the Circulation,® Moscow, 


1946. 


(14) Einbrod (1860), Cited from M. V. Sergievskil’s The Respiratory Center,* Moscow-Leningrad, 1950. . 
(15) E. Bauereisen, H. Busse and R. Wagner, Archiv. ges. Physiol. 1949, Bd. 251, S. 645-663. 

{16} C. Ludwig, Arch. Anat., Physiol. and wissenschft, Med. 1847, N. 2, S. 242-303. 

(17] A. Masso, Arch. ital. di biolog. 1895, N. 23 p. 177. 


(18] J. Tornal, Z. klin, Med, 1910, Bd. 70, S. 235-242, 
[19] K. Vierordt, Die Lehre vom Artcrienpuls in gesunden und kranken Zustanden, Braunschweig, 1855. 


* In Russian, 


157 


SOME NON-VAGAL CARDIAC DEPRESSOR MECHANISMS 


I. P. Garanina and T. B. Tolpegina 


From the Chair of Pathological Physiology (Director: Assistant Professor M. A. Erzin), Kazan Medical 
Institute (Director; Assistant Professor R. A. Viaselev) 


(Received May 20, 1957. Presented by Prof. V. V. Parin, Active Member AMN SSSR) 


ment of the ultimate effects originated by stimulation of cardiac nerves. Thus, N. E. Vvedenskii has shown that “a 
nerve which is usually stimulatory may change into a depressor nerve"(2]. V. B. Boldyrev (1), in his experiments 
on an isolated frog's heart, observed that prolonged stimulation of the sympathetic nerve led to depression of cardiac 
activity, and even to its total cessation. N. L. Iastrebtsova and M, G. Udel ‘nov [7] have shown that stimulation of 
the sympathetic nerves in the presence of foci of cardiac necrosis exacerbate the condition of functional depression, 
We have, however, been unable to find any analogous references to such effects in mammals, or to their possible 


relation to toxic or infectious conditions of the organism. 
The nervous regulation of the heart of animals with modified reactivity has for a number of years been the 
subject of study in the Chair of Pathological Physiology of the Kazan Medical Instiiute [3, 6). 


The present paper deals with changes in the sympathetic regulation of the action of the heart of animals 
suffering from typhoid infection and intoxication, 


EXPERIMENTAL METHODS 


We used dogs and guinea pigs as experimental animals. We made myogrtaphic recordings of the cardiac con- 
uactions of dogs under pentothal narcosis, with artificial respiration. For the study of the functional state of the 
sympathetic centers regulating cardiac activity, we divided both the cervical vagus nerves, and stimulated the 
distal portion of one of them for 15-25 seconds, using an induction current, potential in the primary coil 4 v, dis- 
tance between the coils 120-30 mm. Stimulation was applied before and after injection into the vertebral artery 
of 0.2-2 ml of typhoid toxin. Guinea pigs were infected by subcutancous inoculation with a live culture (strain 
62) of typhoid bacteria (3 inoculations at daily intervals; the 1st of 500 million organisms, and the 2nd and 3rd 
each of 1 billion organisms), and were taken for experiment 3-5 weeks after the first inoculation. The experiments 
were performed on isolated heart preparations, perfused with Tyrode's solution containing eserine (1 : 100,000), 
at 37-38". The heart contractions were. registered myographically, before and after inclusion into the perfusion 
Nuid of complete typhoid antigen at dosage levels not causing any change in the cardiac activity of uninfected 
animals (2-4 mg). The perfusates from the isolated hearts, collected during reaction with the antigen, were fur- 
ther examined for their content of physiologically active substances (sympathin, acetylcholine), ass3yed from their 
effect on an eserinized uninfected guinea pig heart, on a denervated cat nictitating membrane, and on a frog’s 


heart. 


EXPERIMENTAL RESULTS 


We took 18 dogs for our first series of experiments, Stimulation of the vagus before injection of toxin caused 
acceleration and strengthening of the heart beat in 13 dogs; similar effects were found by other workers using si- 
milar methods [4}. There was no change in 4 dogs, and cardiac activity was depressed in one dog, which had just 
produced a litter, After injection of toxin into a vertebral artery we frequently observed retardation and weaken- 


There is some evidence in the literature of the importance of the initial reactivity of the heart for the achieve- 
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ing of cardiac activity, which may be related to a depressed functiona) state of cardiac sympathetic centers, due 
to the action of the toxin. Stimulation of the proximal part of the severed vagi after injection of toxin, using sti- 
muli of the same strength as before, caused a wekening of the sympathetic effect. We observed a diphasic effect 
in 10 of our experiments, consisting in a transition from a sympathetic to a parasympathetic effect, as evidenced 

by a fall in the amplitude and rate of the contractions (Fig. 1). 


aS 


x 


Fig. 1. Cardiogram of a dog's heart during stimulation of the proximal segment 
of the severed left vagus nerve, against a background of intoxication. 
Explanation of tracings (from above down); recording of heart contractions, 
signal showing stimulation, time marker. 


Depression of cardiac activity was observed in particular in those experiments in which the rhythm and am- 
plitude of cardiac contractions had been unaffected by stimulation of the proximal segment of the severed vagus 


before injection of toxin. 


Fig. 2. 
a) Changes in heart contractions of an infected guinea pig caused by introduction 
of 2 mg of complete typhoid antigen; b) effect of perfusate collected from the 
heart of an infected guinea pig, before administration of antigen, on the heart of 

an uninfected guinea pig; c) effect of perfusate collected from the heart of an 
infected guinea pig, after administration of antigen, on the heart of an uninfected 
guinea pig. Explanation of tracings (from above down): recording of heart contrac- 
tions, signal of injection of antigen, time marker. 


In the second series of experiments, performed on 25 guinea pigs, we found that typhoid antigen, administered 
at the above-indicated times after infection, usually produced a marked sympathetic reaction of the isolated heart, 
manifested as increase in rate and amplitude of the contractions, Examination of the perfusates showed the pre- 
sence of sympathin. We hence concluded that the positive chrono- and ino-tropic effect was a result of stimula- 
tion of the adrenergic structures of the heart by the antigen. A different form of reaction to antigen was, however, 
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observed in guinea pigs, under tdentical experlmental conditions; depresston of cardiac activity was manifested, 
in the form of retardation of the heart rhythm, with diminution tn amplitude, sometimes supervening after a pre- 
ceding exaltation (diphasic effect). As in the preceding experiments, we examined the perfusates for thelr con- 
tent of physlologically active substances, in order to elucidate the nature of this effect. The perfusates gave rise 
to a positive ino- and chrono-tropic effect on the heart of an uninfected guinea pig, showing that they contained 
sympathin (Fig. 2). 

We thus observed depression of cardiac activity in dogs treated with typhold toxin, under conditions such 
that transmission of inhibitory impulses from the heart through the ordinary pathways — the vagus nerves — was 
totally excluded. We hence assumed that the inhibitory effect on the heart must have been effected through the 
sympathetic system. 

Under somewhat different experimental conditions, although also related to the action of typhoid antigens 
on the organism, guinea pigs also gave a vagus effect when the sympathetic nerve supply of the heart was stimu- 
lated. This was shown by the presence of sympathin in the perfusates, 


V. B. Boldyrev‘s experiments [1], similarly to ours, gave evidence of sympathetic transmission during de- 
pression of cardiac activity caused by stimulation of the sympathetic nerve of a frog's heart. 


This unusual forma of sympathetic reaction, manifested as depression of cardiac activity, may be related to 
the change in reactivity of the organism due to typhoid infection or intoxication. 

In dogs, such an effect should be interpreted as being due to the action of toxin on centers of sympathetic 
innervation of the heart, and only to a smaller degree to its direct action on the heart, since the toxin was injected 
into the vertebral artery, and in small doses; the toxin caused depression of activity of sympathetic nerve centers, 
Subsequent stimulation of the proximal portion of the severed vagus nerves still further lowered the functional 
activity of the sympathetic centers, and this was manifested in the form of a pessimal reaction, which was in some 
cases preceded by a brief period of stimulation. This interpretation ts in consonance with O. A. Mikhaleva's physio- 
logical studies (5), from which it appeared that depression of cardiac activity may result not only from vagus sti- 
mulation, but also from lowering of tonus of sympathetic centers. 

The pessimal effect found in experiments on {solated guinea pig hearts may be ascribed to modification in 
reactivity of the myoneural apparatus of the heart towards sympathin, which fs released as a result of the action 
of typhoid antigen. The incidence of this type of reaction in only a relatively small group of animals is probably 
due to their low initial level of physiological lability of the sympathetic nervous system, This is shown by the 
prevalence of depression of cardiac activity after administration of toxin to those animals which previously either 
did not react to stimulation, or gave only a weak reaction. 

We conclude from our results that disturbances of the functional state of cardiac sympathetic nerve centers 
may be the cause of some of the forms of bradycardia encountered in typhoid patients, and that changes in reacti- 
vity of the sympathetic structures of the heart itself may also be implicated. 


SUMMARY 


The characteristic features of the cardiac sympathetic effect were studied in guinea pigs and dogs during 
experimentally induced typhoid fever intoxication and infection, It was established that depression of the cardiac 
activity in these conditions may take place by means of sympathetic innervation. The change of the functional 

condition of the sympathetic centers, as well as the change in the reactivity of the neuromuscular apparatus of 
the heart to typhoid fever antigens, plays a definite role in development of the phenomenon referred to above. 
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CHANGES IN REFLEX MOTOR REACTIONS IN RESPONSE TO INTRAVENOUS 
OR INTRA-ARTERIAL INJECTION OF A CHEMICAL STIMULANT 


L. I. Osadchii 


From the Pathological Physiology Laboratory (Directors the late Prof. V. S. Galkin), 1. P. Pavlov 
Instinune of Physiology (Director; Academician K. M. Bykov), AN SSSR, Leningrad 


(Received July 26, 1957. Presented by V. N. Chernigovskii, Active Member AMN SSSR) 


Comparative studies of the effects observed in response to intravenous or intra-arterial injection of a given 
chemical stimulant have up till now been conducted only for the cardiovascular and the respiratory systems [1, 
7, 9, 15}. Although no special studies have been devoted to motor reactions, inthis connection, there are references 
to the effects of stimulating vascular interoceptors on motor reactions [2, 4, 6, 10). 


A number of papers have been devoted to the effects of mechanical or chemical stimulation of the sino- 
carotid reflexogenic zone on motor reactions [11-14]. 


Incidental data on differences in response of animals to intravenous and intra -arterial injections are given 
in A. G. Bukhtliarova‘s paper [1]. 

O. S. Merkulova [5], or our laboratory, has shown that camphor and pyramidone epilepsy is more readily 
provoked by intravenous injections of the epileptogenic agent, V. A. Lebedeva, also of our laboratory, found that 
hexenal narcosis was most readily achieved by intravenous administration of the narcotic.* 


The object of the present research was to compare the changes in reflex motor reactions due to intravenous 
or intra-arterial injection of a given chemical agent, and to elucidate the nature of these changes. We studied 
the cortical motor effect and the knee-jerk reflex. 

EXPERIMENTAL METHODS 

The experiments were performed on cats under intravenous urethan narcosis (25 % solution), The cortical 
motor response was elicited automatically by direct electrical stimulation of points of the motor area of the cere- 
bral cortex, corresponding with the projection of the semitendinosus muscle of the contralateral lower extremity. 
Stimulation was applied rhythmically (twice per minute) by A. A. Ukhtomskii's pseudo-unipolar method [8], from 
an induction coil or from a square-wave impulse generator (frequency 50 cps, duration of impulse 1 msec), The 
patellar reflex was elicited automatically by rhythmically applied blows with an induction hammer, of standard 
strength, and with a frequency of 1 per Sseconds, applied to the patellar ligament. The hind limb was immobili- 
zed in a stand by means of a screw passing through the lower third of the femur, 


We made kymograph recordings of the following: contractions of the semitendinosus muscle in response to 
stimulation of the motor area of the cerebral cortex, extension of the leg in response to taps of the induction 
hammer, arterial pressure in the common carotid, and respiration. 


Against a background of rhythmic artificial elicitation of the cortical motor effect, or of the patellar re- 
flex, we injected 20 % NaCl solution into the femoral vein (in the direction of blood flow, towards the heart), and 
into the common carozid artery (in the direction of the brain), We injected the hypertonic NaCl solution in 
amounts vf 1, 1.5, 2, and sometimes 3 ml, at a rate of 1 ml in 2-3 seconds. 


* Read at a meeting of the I. M. Sechenov Society of Phystologists, Biochemists, and ecaemet ee January 31, 
1956. 
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Fig. 1. Changes in the cortical motor effect 
and in the patellar reflex in response to in- 
travenous and intra-arterial introduction of 
20 % NaCl solution, 

1) Changes in cortical motor effect; I 

Il A) changes in patellar reflex in intact 
animals; II B) changes in patellar reflex in 
an animal with the spinal cord divided at 
the Dyy—D,, level; a) increase; b) no change 
c) diminution; d) abolition (up to 5 minutes 
for the cortical motor effect, and up to 1 
minute for the patellar reflex); ¢€) abolition 
(over 5 minutes for the cortical motor effect, 
and over 1 minute for the patellar reflex); 

f) change in tonus; g) diphasic reaction. 


injection coincides with rise in blood pressure. 


Experiments on animals with division of the spinal cord at the Dyp— Dy, level (above the segments effecting 


EXPERIMENTAL RESULTS 


Experiments on intact animals. As fs evident from Histogeams II and Ma of Fig. 1, the changes in the corti- 
cal motor response and in the patellar reflex differ according to the mode of introduction of the hypertonic NaC] 


As compared with Intra-arterial injections, intra- 
venous injections were characterized by a preponderance 

of depressive effects, such as absence of strengthening 

of reflex responses, and by a considerably smaller number 

of cases in which no change was registered. In contrast, 
injections of hypertonic NaCl solutfons into the common 
carotid artery gave a higher incidence of cases of strengthen- 
ing of reflex responses (2 out of 24 injections, for the 
cortical motor response, and 8 out of 28 injections for 

the patellar reflex), and of cases in which there was no 
change, depressive effects were far less pronounced, both 

in intensity and in duration. Apart from these effects, 

we observed cases in which Injection into the common 
carotid was followed by a diphasic reaction (depression 
followed by exaltation), and in which changes in muscie 
tonus took place. 


We may conclude that the effect of intravenous in- 
jection of hypertonic NaCl solution may be described as 
a depressive one. The effect of intra-arterial injection 
of hypertonic saline may be considered to be a mixed 
one, since it is followed by stimulatory, and frequently 
by depressive, reflex motor reactions. 


It is noteworthy that depression of the cortical mo- 
tor effect lasting for more than 5 minutes was observed 
{in 13 out of 24 cases following Intravenous injection, as 
compared with only 4 cases out of 24 following injection 
into the common carotid (see Fig. 1, I). The difference 
was still more pronounced for the patellar reflex: the 
depressive effect of intravenous injection lasted for more 
than a minute in 15 out of 28 cases, as compared with 
only 1 out of 28 for intra-arterial injections of hypertonic 
solution (see Fig. 1, 1 A). This regularity is clearly evi- 
dent in Fig. 2, a and b, It should, however, be borne in 
mind that cases of depression of motor reactions follow- 
ing injection of hypertonic NaCl solution into the common 
carotid may be due to venous return from the head of the 


animal. 
This basic difference in the nature of the changes 


in the motor reactions, according to the mode of adminisur- 
ation of the injections is evidence of the reflex nature of 


these changes, which are due to stimulation of functionally different vascular receptor fields, on which the chemical 
agent acts in the first place, on entering the blood stream. 


As is evident from Fig. 2, depression of motor reactions following intravenous introduction of hypertonic sa- 
line coincides with considerable lowering of systemic blood pressure, whereas the stinwlatory effect of intra-arterial 
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the knee-jerk reflex arc) contributed to the solution of both the problems; 1) docs any direct action of the che- 
mical agent on the segments concerned with the patcllar reflex take place, or fs the- action a reflex effect, and 
(2) are the changes in the patellar reflex dependent on changes in systemic blood pressure? 


1 ml 20 % NaCl c. 


G 


Fig. 2. Changes in cortical motor effect (a) and in patellar reflex (b), in response to 
injection of 1 ml of 20 % NaCl solution into the femoral vein (f.v.) and into the common 
carotid artery (c.a.). 

Explanation of tracings, from above down; a) cortical motor effect (contractions of the 
semitendinosus muscle), arterial pressure in the common carotid artery, initial level of 
arterial pressure, respiration, zero level of the manometer, signal showing intravascular 
injections, signal showing electrical stimulation of the motor area of the cerebral cortex 
(8 V d.c., frequency 50 cps, duration of impulse 1 msec.), time marker (5 seconds); 

b) patellar. reflex (extension of leg); explanation of other tracings as for Fig. 2, a. 


Experiments on animals with the spinal cord divided at the Dy — Dy level. These experiments were con- 


ducted under semi-chronic conditions. The animals were taken for the acute ex;eriments 1-2 days after the 
operation. As appears from Fig. 1, II B, the nature of the changes in patellar reflex was different for spinal animals; 
the effects of intravenous and intra-arterial injection of hypertonic saline were not the same as for intact animals. 
The depressive effect following intravenous injection was absent, being replaced by a slight eeemeed of the 
patellar reflex (Fig. 3, a). 


Diphasic reactions and changes in muscle topus were observed in a number of cases, which was never the 
case with intact animals in response to intravenous injections. Changes in the patellar reflex were reduced to a 
minimum, following intra-arterial injection (they were absent in 12 out of 17 cases). Apart from this, intravenous. 
injection of large doses of hypertonic saline (3 ml), which caused irreversible changes (bordering on lethal) in in- 
tact animals, caused only a slight intensification of the patellar reflex in spinal animals (see Fig. 3, b). The de- 
pressor reactions, which were retained in the spinal animals, did not coincide with depression of the patellar re- 
flex, as was the case in intact animals. 


It may thus be considered that the changes taking place. in motor reactions, in response to intravenous and 
intra-arterial injection of hypertonic saline do not depend on the direct action of the chemical agent on the 
motor centers, but are of reflex nature. These changes are also independent of changes in systemic blood pressure. 


Our further investigations will be directed towards a study of receptor fiel4s and conducting pathways associ- 
ated with the above-described changes in motor reactions, 
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Fig. 3. Changes in the patellar reflex in animals in which the spinal cord has been 
divided at the level Dyp — Dyy, in response to injection of (a) 1 ml of 20 % NaC, 
and (b) 3 ml of 20 % NaCl solution into the femoral vein and the common carotid 


artery. 
Explanation of tracings as for Fig. 2, b. 


SUMMARY 


Investigation was carried out of the changes of the cortical motor effect and of patellar reflex in response 
to intravenous and intra-arterial introduction of hypertonic (20 %) solution of NaCl, Intravenous introduction has 
a depressing effect, while intra-arterial may cause a stimulating as well as a depressing effect, which is, however, 
less pronounced than in intravenous introduction. Following section of the spinal cord on Dy — Dy level, there 
is an absence of characteristic changes in the patellar reflex. The obtained data allow to sugsest the reflex me- 
chanism of these changes, which is evidently connected with stimulation of the vascular receptor fields. 
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BAROCEPTOR SYSTEMS OF THE NASAL CAVITY, AND THEIR SIGNIFICANCE 
IN THE PHYSIOLOGY OF RESPIRATION OF THE FROG 


A. B. Vishnepol 


From the Chair of Normal Physiology (Director: Prof. G. la. Khvoles), Karaganda Medical Institute 
(Director; Assistant Prof. P. M. Pospelov) 


(Received July 28, 1957. Presented by V. N. Chernigovskii, Active Member AMN SSSR) 


Various authors have studied the role of the upper respiratory passages im the regulation of the vegetative 


functions of the body. 

Reflex effects from the nasal mucosa have been demonstrated, acting on the circulation, respiration, meta- 
bolism, hematopoiesis, and other functions of the body (5, 2, 3}. The experiments of these authors were, however, 
based on the assumption that the olfactory nerve receptors are capable of reacting only to specific olfactory sti- 
muli, and that reflex effects affecting vegetative processes of the organism, elicited by stimulation of the mucosa 
of the upper respiratory passages by tactile, painful, and thermal action are due to stimulation of uwigeminal nerve 


receptors. 

An increasing number of papers have been appearing in the literature of recent years, showing that, apart 
from the trigeminal nerve receptors, those of the olfactory nerve are capable of general sensory reception. Thus 
Adrian [7, 8] showed that the olfactory receptors are highly sensitive to mechanical stimulation (1938-1947). G. 
Ia. Khvoles and L. A. Novikova (4, 6] discovered a specific form of electrical activity in the olfactory bulbs and 
the entire length of the olfactory-hypothalamic tract of mammals, in the form of rhythmic volleys of impulses 


of characteristic form and frequency (40-70 cps). 


These authors showed that the origination of this rhythm was connected with rise in air pressure in the nasal 
cavity, or with mechanical irritation of the nasal mucosa, They thus demonstrated the existence of an additional 
function of the olfactory analysor — a baroceptor function — distinct from the previously known olfactory function, 


The work of these authors tas been confirmed by other workers [9]. 
The object of the present research was to elucidate the extent and form of the action of this new baroceptor 
function of the olfactory nerves on respiration. 


EXPERIMENTAL METHODS 


The experiments were performed on frogs, during all seasons of the year. In all we performed 162 experi- 
ments on 61 frogs. The frogs were not anesthetized. Respiration was registered from the skin fold at the bottom 
of the buccal cavity, by means of a thread passed through the skin, and connected with a writing lever. Exclusion 
of olfactory afferentation was achieved by extirpation of the olfactory bulbs. Trigeminal afferentation was elimi- 
nated by bilateral division of both branches of the wigeminal nerves at the point of their emergence from the skull, 
using a cystotome. In a number of experiments we also removed both cerebral temulegheses, endeavoring as faras 
possilbe to avoid injury to the brain stem. 

Stimulation of nasal cavity receptors was effected by rhythmic insufflation of a stream of air into the nos- 
trils, by means of a special mask placed over the head of the animal as far as the eyes. The mask was either con- 
nected with a rubber balloon or with an artificial respiration apparatus. The pressure and aogemy of insuffla- 
tion were maintained at a uniform level. 


: 
167 | 


EXPERIMENTAL RESULTS 


Normal respiration was recorded from two kinds of resptratory movements; minor displacements of the 
buccal diaphragm (oscillations), and less frequent, but large oscillatory moveinents of the throat (true resplratory 

movements). The amplitude of the true respfratory movements varied on the average from 5 to 30 mm, and thelr 
frequency from 10 to 60 per minute. The oscillations had a mean amplitude of from 3 to 10 mm and a frequency 
of from 12 to 70 per minute. These wide ranges of frequency and amplitude of respiratory movements are ascrib- 
able to seasonal differences. The values rise during warm periods, and fall during cold ones, 


Fig. 1. Effect of bulbectomy and of cocainization of the nasal cavity on respiration 
of a frog. 

a) Initial respiration; b) resp{ration after removal of the olfactory bulbs; c) respi- 

ration after bulbectomy and cocainization of the nasal cavity (change to periodic breathing). 
Explanation of tracings (from above down): stimulation signal, respiration trace, time 
marker (1 second). 


Rhythmic insufflation of afr into the mask, or directly into the nostrils of the animals, at a pressure of 40 
mm of water, caused weakening or even total abolition of the oscillations, with appearance of strong respiratory 
movements during the period of stimulation, or immediately after ft. When insufflation was applied immediately 
after the conclusion of one of the natural cycles of true respiratory movements, the respiratory reaction, in the 
form of strong respiratory movements, did not appear, evidently because of the refractory state of the respiratory 
center, 


In most of the experiments, extirpation of the olfactory bulbs led to an increase in the amplitude of the true 
fespiratory movements; from 5-30 to 10-45 mm, and to a fall in their frequency, At the same time, there was 

a considerable fall in the amplitude of the oscillations, on the average from 3-10 to 1-3 mm, but without any 
regular disturbance of their rhythm, The changes in the true respiratory movements applied not only to thelr am~-_ 
plitude and frequency, but also to their form: expiratory movements became less abrupt (Fig. 1). 


Rhythmic stimulation of the nasal mucosa by a stream of air at first caused strong and frequent respiratory 
moveients, with very little change in the oscillations, Reactivity fell considerably with time, 


The changes in respiratory moyements after division of the trigeminal nerves took place in two phases. 
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During the first phase, which began immediately after dividing the nerves, and which lasted for various times for 
different animals (from 0 to 60 minutes), we observed a large increase in the amplitude of the oscillations (to 8 - 
-12 mm) and of the true respiratory movements (to 15-30 mm). These became of the “gasp* form (1); Fig. 2). ~ 
In most cases, rhythmic insufflations of air caused strong respiratory movements, and suppressed oscillations. As 
time went on, we observed a gradual diminution in the amplitude of the respiratory movements, the oscillations 
became less frequent, and a “complex-periodic® respiratory rhythm (1) supervened; the amplitude of the respira- 
tory movements fell to 5-12 mm, f.e., the second phase had begun. Rhythmic insufflation of air had no notice- 


able effect on respiration during the second phase. 


Fig. 2. Effect of uigeminotomy and of total deafferentation of the nasal 
cavity on the respiration of a frog. 

a) Initial respiration; b) respiration after division of both trigeminal nerves; 
c) periodic breathing after total deafferentation of the nasal cavity. 
Explanation of tracings as for Fig. 1. 


Exclusion of the entire baroceptor system of the nasal cavity (removal of both olfactory bulbs, with simul- 
taneous division of the trigeminal nerves or with painting the nasal mucosa with 2 % cocaine solution) led to the 
appearance of periodic breathing, in the form of infrequent respiratory movements (1-2 per minute) of very small 
amplitude (3-5 mm). Rhythmic insufflation of air had no effect on the rhythm or the depth of — (see Fig. 
2, ¢). Total deafferentation was followed within 1-3 hours by the death of the animals. 


In control experiments, painting the rectal mucosa of the ~ with cocaine had no effect on their normal 
respiration, 

In order to elucidate the nature of the connection between the higher levels of the central nervous system 
and the baroceptive function of the nasal mucosa, we removed both cerebral hemispheres, after bulbectomy and 
division of the trigeminals. Decerebration after bulbectomy led to an increase in the amplitude of true respiratory 
movements (on the average to 6-20 mm) and of oscillations, and also to increase in frequency of their rhythm. In 
these experiments, rhythmic insufflation of air affected both the amplitude and the rhythm ofrespiration intensi- 
fying true respiratory movements, and weakening the oscillations. The form of true respiratory movements character- 
istic of bulbectomized animals (prolongation of expiration) persisted, but duration of expiration was cut to a half. 


Decerebration following bilateral division of the trigeminals caused a greater increase in amplitude and 
frequency of true respiratory movements; in most cases osciJlations became less frequent. Rhythmic insufflation 
of air lowered the amplitude of the oscillations, and in some cases increased the amplitude of the true respiratory 
Decerebration alone was followed by increase in frequency and amplitude of both kinds of respira- 


movements. 
tory movements. 
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Our experiments show that stimulation of the baroceptors of the nasal mucosal nerves has a considerable 
effect on respiration in the frog. It ts probable that the baroceptors of the olfactory nerves are more concerned 
with the small oscillatory movements of the floor of the buccal cavity, whereas the trigeminal receptors are the 
basic regulators of the true respiratory movements. 

Total deafferentation of the nasal mucosa excludes the effects of baroceptive stimulation from the nasal 
cavity to the respiratory center. The consequences of exclusion of olfactory nerve baroceptors may be compensated 
by trigeminal nerve function. When the trigeminal baroceptors are excluded, their loss can be partially compen- 
sated by the action of olfactory nerve baroceptors. Exclusion of trigeminal afferentation leads, however, to more 
serious disturbances of resp{ration. 

The cerebral cortex exerts a controlling, inhibitory influence on both kinds of resp{ratory movements. 

Taking into consideration the results of a number of authors a1), and others), we may postulate the ex- 
istence of a single, general baroceptive afferent system, made up of the baroceptors of the upper, middle, and 


lower respiratory passages. Exclusion of any component of this sytem causes partly compensated distrubances of 
respiration, and more extensive destruction causes acute disturbances of respiration, leading to death of the animal 


within a short time. 


SUMMARY 


The effect of stimulation of baroceptors of olfactory analysor on the frog*s respiration was demonstrated. It 
was established that baroceptors of olfactory nerves have a pronounced effect on the small oscillatory movements 
of the floor of the oral cavity. As to receptors of trigeminal nerves they influence the tre respiratory movements, 
Exclusion of one or another of these systems causes partly compensated disturbances of respiration, More pronounced 
destruction of one of these systems causes acute disturbance in respiratory act, resulting in quick death of the anfmal, 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


THE SIGNIFICANCE OF INTEROCEPTORS IN THE REGULATION OF THE 
SATURATION OF ARTERIAL BLOOD WITH OXYGEN 


COMMUNICATION 2, THE ROLE OF THE SPLEEN AND SINOCAROTID ZONES IN THE REGULATION OF 
THE SATURATION OF THE ARTERIAL BLOOD WITH OXYGEN DURING HYPOXIC STATES 


N. N. Beller 
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(Received December 15, 1957. Presented by Active Member Acad. Med. Sci. USSR V. N. Chemigovskii) 


In a previous communication [2] we showed that the sinocarotid interoceptive zones play a substantial role 
in the processes regulating the extent and dynamics of the saturation with oxygen of the arterial blood during hy- 
poxic states. 


It is important to investigate the possible role of other organs possessing interoceptive zones in the regula- 
tion of the saturation of arterial blood with oxygen. It is known that during oxygen deprivation the spleen assures 
the rapid mobilization of erythrocytes and an increase in the hemoglobin present in the blood stream. This pro- 
cess has a reflex character [1]. 


The aim of the present study was an investigation of the role played by the interoceptive zones of the spleen 
and the sinocarotid zones in the regulation of the saturation of the arterial blood with oxygen during hypoxic states. 


EXPERIMENTAL METHODS 


The studies were undertaken on 7 cats which, 4 months previously, had been subjected to a splenic denerva- 
tion and on 9 more cats of which 5 were first subjected to a splenic denervation and then, 4 1, to 5 months later 
had a denervation of the sinocarotid zones; the other 4 cats had the same operation but in reverse order. The 
studies were conducted by the use of the same methods and observance of the same conditions as already described 
in our first communication [2]. In all, 44 experiments were performed. 


EXPERIMENTAL RESULTS 


In the animals with denervated spleens, at the start of the experiments the oxygen saturation of the arterial 
blood varied between 96 and 92 %, As the atmospheric pressure fell (“climbing to the heights") there took place 
a gradual, relatively steady decrease in the degree of arterial blood saturation with oxygen. When a “height® of 
7500 meters was attained the oxygen saturation leveled off at saturations of 54-62 %; in 3 animals during the period 
of exposure on the “heights” the oxygen saturation remained almost unaltered while in the other four after 8-10 
minutes a gradual increase was observed. After the restoration of normal atmospheric pressure, the oxygen satura- 
tion returned to base levels in Sanimals while in 2 it remained below normal. 


The graph of Fig. 1 describes an experiment in which the saturation on climbing dropped to 62-65 % rising 
by the 12-15th minute on the “heights” to 72 %. Upon the return to normal conditions the oxygen saturation re- 
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turned to base levels, The extent and dynamics of oxygen saturation of the blood in the cat with a denervated 
spleen did not in any way differ from the results obtained with the control animals, Among those animals in whom 
the oxygen saturation of the blood did not rise while remaining on the "height", the alterations of this indicator 
took about the same course as after denervation of the sinocarotid zones. However, in these Instances also the de- 
crease In the degree of saturation was less shaprly expressed and after the return to normal conditions, saturation 
approached base levels, 


~ ’ Thus {t appears that splenic denervation ex- 


5 00 erted no marked influence upon the éxtent and dy- ae 
S namics of the oxygen saturation of the arterial blood 

po 5 during hypoxic states and, in any case, the influ- j 
P ence it did exert was materially less than the effect ; 
g i of excluding the sinocarotid zones. 

3 During the period of the “climbs” ft wasde- 

mostrated that animals who had had the second 


operation (sinocarotid zone denervations) after the 


; ba preliminary splenic denervation developed a much * 
4 greater decrease in the arterial oxygen saturation: 
3 than they did after splenic denervation alone. This" 
: (in migutes) — is to be compared with the animals who had been a 
60 ras subjected to the sinocarotid denervation first and in 


whom the additional splenic denervation effected _ 
no marked alterations in the dynamics and degree 


of saturation when “climbing to the heights" (see 


liminary splenic denervation, acti 

O,) Arrangement of apparatus for 100 % saturation The first group consisted of animals who had 
by respiring pure oxygen; climb) the moment of splenic denervations after a preliminary deafferenta- 
“climbing * to 7500 meters; height of 7500 meters) tion of the sinocarotid zones; while the second group 
exposure atthe “height” of 7500 meters for 20 consisted of those animals which had denervation 
minutes; descent) retum to the usual environment. of the carotid sinuses performed after the splenic de- 


nervation, 
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Fig. 2. Dynamics of saturation of the arterial blood with 
oxygen in cat No. 16. 

1) After splenic denervation; Il) against the background of 
previous studies following denervation of sinocarotid zones, The 
markings are the same as inFig. 1, O,[at right) ) at the moment 

of observation of the inhalation of pure oxygen during the experiment 
following the second operation, 
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Degree of Saturation of the Arterial Blood with Oxygen During Climbs to 7500 Meter 
Heights in Animals with Denervated Sinocarotid Zones and Denervated Spleens 
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before descent 
climbing” 
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I Group 


14 98 | 98 | G4] 81 | 70 | 84] 64] 81 | 68 | 83] 70] 84] — — 1490] 94 
16 92 | 95] 55] 75] 52] 73] 51 | 72] 51} 72] 49] 71) —| — | 86] 92 
17 9 | 97 | 60] 79] 62 80/ 62] 58] 78] 56] — | — | 86] 92 
22 9% | 97 | 72] 85] 74 | 86] 66 | 82] 70] 84] 68 | 83} — | — 88] 93 
Average 95.5, |62.7| — — [60.7] — |61.7] — [60.7], — | — | — — 


II Group 


4 94 | 96] 52] 73] 51] 72] 51] 72] 49) 71] 49] 71) 94] 96 
90 | 94] 56| 76] 51 | 72| 48] 70] 49| 71 | 48] 70] —| —] 84] 91 
7 | 96] 60/79] 56 | 76 | 57] 77] 55] 56| 76] —| — | 86 | 92 
9 % | 96! 60] 79] 57 | 77] 56 | 76| 52] 73] 57] 77| —| —| 94] 96 
28 88 !93] 48] 70] 49| 71 | 51 | 72] 51] 72] S51 | 72| —| —] 80] 89 
Average | 92 | — [55.4] — |52.8] — [52.6] — [51.2] — |52.2] — | — | — |a7.6) — 


When the experimental results are compared it becomes evident that denervation of the sinocazotid zones 
produces in the animals with preliminary splenic denervations a much greater lowering of the sturation than is 
caused by splenic denervation alone, These studies were undertaken after each of the operations so that it is pos- 
sible to compare the results of both experimental series in the majority of the animals. 


From Fig. 2 it is evident that denervating the spleen did not affect the changes arising as a result of denerva- 
tion of the sinocarotid zones. 


Fig. 3 shows the changes in the oxygen saturation of the blood when the operations were performed in the 
reverse order, In this series it is quite easy to see the difference in the depression and dynamics of the oxygen sa- 
turation of the blood arising as a consequence of the second operation which was the denervation of the sinocarotid 
zones. While in the “climbs® after splenic denervation only the degree of sturation fell to 55-57 %, after the sino- 


carotid denervation this value was 48-51 %. 
In addition, it should be noted that while in the first study the degree of saturation rose to 58-62 %, by the 


10th minute of being on the “heights”, in the second study there was observed an actual slight greater fall, while 
after the return to the normal environment the arterial blood saturation did not revert to base levels during the 5 


minutes of observations.® 


* On breathing pure oxygen there was 100% saturation at beginning of experiment. 
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Fig. 3. Dynamics of the saturation with oxygen 

of the arterial tiood fn cat No. 6. 

1) After denervztion of the sinocarotid zones; 

Il) against a background of previous splenic de- 
nervation. The shad are the same as in Fig. 1. 


Thus, denervation of the sinocarotld zones 
after a preliininary splenic denervation produced 
during “climbs to the heights® further altcrations 
lowering the degree of the oxygen saturation of the 
arterial blood, Denervation of the spleen in animals 
who had had the denervation of the sinocarotid zones 
first did not produce additional substantial changes 
in the dynamics of the saturation with oxygen of the 
arterial blood when these animals were subjected to 


hypoxic stress. 


The results obtained indicate that oxygen sa- 
turation of the arterial blood in hypoxic states fs 
much more dependent on the normal functioning of 
the sinocarotid zones than on the influence of the 
spleen which seems to be {nconstant and much weaker, 


The significance of the carotid sinuses in respi- 
ratory regulation is generally well known. The role 
of the sinocarotid zones in hypoxic states ts clearly 
evident. [3],while the spleen, even though it may be 
an important interoceptive zone, has a much less 
marked role in regulation of respiration, 


Denervation of the carotid sinuses produced pro- 


found alterations in he anterialization of the blood in hypoxic states while following splenic denervation the changes 
were Inconstant and much less marked. In addition we showed that animals having denervated carotid sinuses and 
subjected to hypoxia suffered no changes in the process of the erythrocyte increase and hemoglobin rise. Conversely, 
in animals subjected to splenic denervation, at times when they were subjected to hypoxia, the number of erthyro- 
cytes did not rise and the hemoglobin percentage did not increase. 


We come to the conclusion from our accumulated data that the oxygen saturation of the arterial blood in 


> 


hypoxic states is more dependent on respiratory alterations than on the hemoglobin content of the blood. 


SUMMARY 


It was experimentally demonstrated that the interoceptive zone of the spleen plays a less important part in 
regulation of oxygen saturation of arterial blood than the zones of the carotid sinuses. 


LITERATURE CITED 


(1) John Barcroft, Basic Features of Physiological Functions,* Biomedgiz, 1937. 
{2} N. N. Beller, Biull. Eksptl. Biol. { Med. 43, 6, 12, (1957).°° 


* Russian translation, 
** Original Russian pagination, See C.B, Translation. 


{3} D. Cordier and G. Cordier. La medecine Aeronautique, 4, 1, 49 (1949). 


= 
‘ 
Ad 
37 
: 
: 7: 
“ 
Es ivy 
Yan 
is A (in minutes) 
< 
/ 
174 


INCREASED RESISTANCE OF ANIMALS TO X-RAY IRRADIATION FOLLOWING 
A PERIOD OF ACCLIMATIZATION TO HYPOXIA IN THE PRESENCE OF A 
NORMAL BAROMETRIC PRESSURE 


G. A. Vasil*ev (Leningrad) 
(Received July 29, 1957. Presented by Academician K. M. Bykov) 


A number of investigators have noted the positive effect of acclimatization upon the subsequent exposure 
to roentgen irradiation (1-3). The acclimatization is conducted in a pressure chamber so that the baromewic pres- 
sure can be lowered to pressures corresponding to heights of 7000-8000 meters. 

The aim of the present study was to investigate whether the resistance to generalized irradiation would be 
increased by another form of acclimatization, namely, when the animals were placed in a pressure chamber hav- 
ing a lowered oxygen content but a normal barometric pressure. 

Simultaneously, we investigated the changes in the activity of the blood catalase and the catalase present 
in animal organs with the different acclimatization procedures. The study of catalase activity presented a theo- 
retical interest in association with the radiochemical hypothesis as to the method of action by the ionizing radia- 
tion (7, 8}. It is known that catalase prevents an excess accumulation of hydrogen peroxide within the tissues of 
the organism, this apparently being the basis of its protective function. On the other hand, there have been many 
studies [5, 6] which showed a marked decrease in catalase activity in the blood and organs under the influence 


of roentgen irradiation, 
EXPERIMENTAL METHODS 


The studies were conducted on male white mice weighing from 18 to 20 grams. In the first series of ex- 
periments acclimatization to hypoxia was attained by daily stepped “climbs® within the pressure chamber accord- 
ing to the following procedure. At first, the pressure was lowered to that existing at a height of 5000 meters. At 
this height the animals were held for 30 minutes. Then the mice were “raised* to “heights” of 7000 meters for 

5 minutes, further elevation to “heights* of 10,000 meters was attained and the mice kept there until the animals 
lay down on their sides or until one of them had convulsions. 


In the second series the animals were acclimated to hypoxia by being kept in a pressure chamber where the 
barometric pressure was normal but the partial oxygen pressure was lowered. The gas mixture was prepared by 
diluting the air with nitrogen. Oxygen concenwation was determined in the Orsat apparatus. The procedural se- 
quence was as in the first series, i.e., the partial oxygen pressures were 82, 65 and 45 mm of mercury pressure 
corresponding to heights of 5000, 7000 and 10,000 meters. 

In the third experimental series the animals were acclimated to decreases in barometric pressure while the 


"partial pressure of the oxygen remained at normal levels. To accomplish this, the partial pressure of oxygen with- 


in the pressure chamber was raised to 506 mm mercury at the beginning of the experiment, Then the barometric 
pressure within the pressure chamber was lowered to that existing at a height of 10,000 meters, but the partial pres- 
sure of the oxygen was the same as in sea level atmosphere. The animals were kept in this condition for 35 min- 


utes. 
In all the series the training was continued daily for 30 days. Onc day after the last training session the 


animals were gencrally irradiated with roentgen rays by means of apparatus RUM-3. In each instance 16 mice 
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were Irradiated: 8 controls and 8 experimental. The frradlation was done at 195 kv, current of 15 ma, filter of 
0.5 mm of Cu and 1 mas of Al at a distance of 50 cm the strength of the dose being 20.3 t/ minute, 


As controls for the first two serles we employed unacclimated mice of the same weight, age and sex as the 
experimental animals. As controls for the third series (in which lowering of the barometric pressures was preceded 
by placing the animals is an atmosphere with a raised partial pressure of oxygen) we employed mice acclimated 
to hypoxfa in a pressure chamber according to the schedule indicated for the first series, Before beginning their 
acclimatization, these mice were placed daily for 3-4 minutes in an atmosphere having a partial pressure of the 
oxygen of S06 mm mercury. Such a control was needed as the mice of the third serfes were, at the beginning of 
each training period, placed for 3-4 minutes in an atmosphere having an increased content of oxygen. 


The Irradiated mice were studied for 30 days. The animals were regularly weighed, examined as to their 
general condition and a record made as to when they succumbed. The catalase activity of the unirradiated mice aS 
of the three series was determined 24 hours after cessation of the acclimatization sessions. Unacclimated mice 
were used as controls. The blood catalase was determined by the manometric method of A. N. Bakh and S. R. 
Zubkova [4]. The catalase activity within organs such as the liver, kidneys, spleen and the lungs was determined 
by the same method but with the modification by G. V. Voskoboinikov [5]. 
EXPERIMENTAL RESULTS 
Our experiments seem to indicate that acclimatization to hypoxia at normal barometric pressures Increases 
the resistance of the animals to subsquent irradiatign at least as much as, and possibly somewhat more than accli- = 
matization to hypoxia induced by general lowering of the barometric pressure (Table 1). 
TABLE 1 
Influence of Various Methods of Acclimatization to Hypoxia Upon the Survival of White Mice After Irradiation : ‘a 
With 600 r. 
Number of animals | Statistical treatment according ae 
3 to Student and Fisher® 
Series] Method of acclimatization 
« 4 
° 
se 
aa a 06 
c > rT) E 
Acclimatization to hypoxia by low- a 
ei ering of barometric pressure 40 25 15 + 1543.1 | 24.84 < 0.27 
Control (unacclimated animals) 40 40 0 
Acclimated to hypoxia without 
lowering of the barometric 
pressure 40 21 19 +194 3.16] 26.02 < 0.27 
Control (unacclimated animals) 40 40 0 
Acclimated tolowered barometric : 
pressure without hypoxia 16 16 0 -621.94 | 2 3.1 < 0,27 7 
Third 
Acclimated to hypoxia by lower- i 
ing of the barometric pressure + 
anda preliminary stay in an oxy- 
gen-enriched atmosphere 16 10 6 ‘ 
* See A. A. Sapegin. Statistical Variations , Moscow, 1935. 
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The animals conditioned to a lowered 
barometric pressure without hypoxia (third 
series) had the same resistance to frradia- 
tion as did the controls, 
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Study of catalase activity within the 
blood and organs of the acclimated ant- 
mals indicated that acclimatization to 
hypoxia with a simultancous lowering of 
the barometric pressure (first series) as 
well as acclimatization with the aid of 
a gas mixture (second series) increases 
the activity of the catalase both within 
the blood and the organs being examined 
(Table 2). 
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—0.30+0.57 

1.25+0.78 
—0,07+0.09 
—0.07+0.183 


tween eontrol 
and expt. 


difference 


In animals conditioned only to a 
drop in the baromewic pressure (third 
series), catalase activity both in the blood 
and the organs remained unaltered in the 
absence of hypoxia. 


Acclimated to decreased barometric 
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Catalase Activity Within the Blood and Internal 


expt. 
0.27) 0,26 
.27| 0,54 


P( %) 
1. 
<0.27 


Our data agree with the findings of 
K. Mezey and H. Staffe [9] who observed 
an increase of 60% in the catalase activi- 
ty of mountain dwellers acclimated to 
hypoxia. 


5.37 
380} 2.90 
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3.43 
376 


820) 4 
+0.310) 2 


Statistical treatment 
(Student and Fisher 


difference 
between 


Our results seem to allow the follow- 
ing conclusions: 


control and 
expu. 
4.00+1. 


1,00/10.90 | 3.35+0, 


In the mechanism of the increased 
resistance to irradiation, acclimatization 
to lowered barometric pressure has as its 
chief factor hypoxia. Animals can deve- 
lop increased resistance to irradiation by 
hypoxia in the presence of normal baro- 
metric pressure. Conditioning to lowered 
barometric pressure without hypoxia does 
not increase radioresistance of mice. The 
definite rise in catalase activity within 
the blood and organs of organisms subjected 
to acclimatization with hypoxia proves 
that catalase plays a definite role in in- 
creasing radioresistance in acclimated 
mice. 


Acclimated tohypoxia without 
lowering barornetric pressure 


.00 |<0.27| 0.44 | 0.1340.024 
.40 | <0.27| 0.85 | 0.2440, 
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difference 
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7.55 | 9.80 | 2,254+0.81 


0.61 
1.73 | 2,72 | 0.9940 


16.50 |19.80 | 3.30+0.61 


0.31 


SUMMARY 


It was established as a result of ex- 
periment that the endurance of white 
mice to irradiation by x-rays is increased 
under the effect of acclimatization to 
hypoxia without decrease of barometric 
pressure, The activity of catalase in the 
blood and organs of acclimatized animals 
is increased. 


Catalase index of blood 
Kidneys. 


Catalase numbers 
Note: The catalase number of an organ is the difference between the quantity of permanganate used in titrating 1 mg of the weight of the raw exe 


perimental tissue and the control and it is statistically valid(each average taken from 10 mice} 
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ALTERATIONS IN ELECTRIC ACTIVITY OF THE AFFERENT AND EFFERENT 
NERVES OF THE TONGUE WHICH RESULT FROM EXPERIMENTAL REFLEX 
HYPERTENSION 


N. K. Saradzhev 


From the Laboratory of the Physlology and Pathology of Respiration and Circulation (Chairman — 

Corresponding Member Acad. Med. Sci. USSR Prof. M. E. Marshak) of the Institute of Normal and 

Pathological Physiology Acad. Med. Sci. USSR (Director — Active Member Acad. Med. Sci. USSR 
Prof, V. N. Chernigovskii), Moscow 


(Received July 31, 1957. Presented by Active Member Acad. Med. Sci. USSR Prof. V.V. Parin) 


The aim of the present study was an investigation of the electrical activity in the efferent fibers of the 
cervical sympathetic trunk and in the afferent fibers of one of the organs innervated by this same sympathetic 
nerve, at a time when urinary bladder interoceptors were being stimulatedso that a reflex hypertension was in- 
duced. 
As the afferent nerve we chose the lingual nerve because basically it is a sensory nerve Into whose compo- 
sition enter fibers from tissue vessel receptors. In some experiments, instead of registering electric activity in 
the cervical sympathetic nerve, the activity was recorded in the central end of the sublingual nerve, composed 
basically of the post-ganglionic sympathetic fibers directed to the tongue [1, 3). 


EXPERIMENTAL METHODS 


The experiments were conducted upon cats weighing 1.5-3 kg under ether-urethane narcosis, The electrical 
activity of the nerves was recorded by means of a double cathode oscillograph (OB-2 of the experimental instru- 
ment factory Acad. Med. Sci, USSR) with an amplification from 10°- 10° times. The action potentials were taken 
off by means of silver bipolar electrical conductors. The thickness of the wire was 0.5 mm and the distance be- 
tween the poles was 3-5 mm. The filters permitted passage of wave frequencies from 30-2000 cps, The sound 
level did not exceed 5 pv. 

The cervical sympathetic nerve was dissected from the vagus and depressor nerves at the level of the middle 
third of the neck. The lingual and sublingual nerves were separated from the mandible, The experiments were 
conducted upon tracheotomized animals. The interoceptors were stimulated by air distension of the urinary bladder 


under a pressure of 50-100 mm mercury. 


EXPERIMENTAL RESULTS 


According to the findings of Zotterman {7}, Pfaffman [6] and I. I. Laptev [2] the lingual nerve, even in the 
absence of any special stimuli, may register slow impulses of low amplitude associated with constant stimulation 
of the thermal receptors of the tongue. We were successful in recording two types of spontaneous activity in the 
lingual nerve; slow impulses of low amplitude and, in some experiments, rapid single phase impulses of high am- 
plitude. Also in the cervical sympathetic as well as the sublingual nerve, we recorded slow double phase impulses 
which grouped themselves in rhythm with the pulse and respiration (Fig. 1, A and 2, A). 


Fig. 1, A shows the results of one of these experiments. 
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IM. P. 70 mm fig 


Fig. 1. Electrical activity in the sublingual and lingual nerves during hypertension 
produced by bladder distension. 

A) Oscillograms. On each piece from above down there is indicated; a) electric 
activity in the sublingual nerve; b) time marker in 0.1 sec.; c) registration of respira- 
tion (curve rises with inspiration); d) electrical activity in the lingual nerve. Oscillo- 
gram portions; I) electrical activity in the nerves before urinary bladder distension 
(corresponds to portion 1—1 on Fig. 1, B); Il) activity at the beginning of urinary bladder 
distension; distension 0.9 seconds from the start of this oscillogram portion (see Fig. 1, 
B, 2-2); Ul) activity 30 seconds after distension (see Fig. 1, B, 3-3); IV) activity 30 
seconds after releasing the air from the urinary bladder (see Fig. 1, B, 5-5); V) control: 
severed pieces of the same nerves on the electrodes. B) Kymograms,plus and minus in- 
dicate the beginning and the end of urinary bladderdistension; the blood pressure in the 
femoral artery is recorded; M.P.) period of urinary bladder distension with air pressure 
of 70 mm mercury; time marker (5 seconds). 


The basal electrical activity of the lingual nerve as shown on oscillogram d, portion I indicates impulses 
of 2 kinds; slow, of low amplitude (8-10 pv) and fast, single and double phase, of high amplitude (25-30 pv). 
After the beginning of the distension of the urinary bladder within 0.4 second there began a marked increase 
in the number of both types of impulses, especially the fast (see Fig. 1, A, portion II), The increase in the im- 
pulses could be observed even before there were any indications of alteration in the arterial pressure, The arterial 
pressure was seen to rise only 3 seconds after the interoceptors began to be stimulated. The period of increased 
stimuli lasced for 6 seconds, after which the frequency of increased impulses diminished gradually. 


Within 30 seconds from the beginning of the distension of the urinary bladder (see Fig. 1, A, Part III) the 
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electrical activity fell below basal. This moment corresponded to the beginning of the gradual decrease in the 
arterial pressure as the action of the stimulation was continued. 


/ 


A 


Fig. 2. Electrical activity in the cervical sympathetic and “— nerves during hyper- 
tension induced by urinary bladder distension. 

A) Each piece from the oscillogram has; a) electrical activity in the cervical sympathetic 
nerve; b) time marker in 0.1 sec.; c) electrical activity in the lingual nerve; d) period 
of the beginning of the urinary bladder distension shown on portion Ml by the horizontal 
line near the time marker. Oscilldgram portions; I) basic electrical activity; I) at the 
beginning of bladder distension. B) Kymogram. Marked as in Fig. 1, B. 


The sublingual nerve showed good electrical activity (see Fig. 1, A, oscillogram, a, portion I). The respi- 
ratory groupings are readily seen: at the time of expiration there is seen a large number of double phase, fast 
impulses of high amplitude. At inspiration are seen many single phase impulses of a lower amplitude. Disten- 
tion of the urinary bladder (see Fig. I, A, portion II) produced a gradual lowering and even a disappearance of the 
fast impulses seen during inspiration. The double phase impulses of high amplitude grouped during expiration re- 


mained. 

When comparing the alterations in the electrical activity of the lingual and sublingual nerves, it can be 
observed that at the beginning of stimulation the electrical activity of the lingual nerve increased markedly while 
that of the sublingual nerve decreased. However these reciprocal relationships in the electrical activity of these 
two nerves were not maintained constantly during the period of urinary bladder distension. 6 seconds from the 
beginning of the distension the electrical activity in the lingual nerve fell below basal (see Fig. I, A, portion I 
and III), while the sublingual nerve failed to show increased activity. 

After letting the air out of the urinary bladder the electrical activity in both nerves returned to the basal 
value and the initial arterial pressure was restored (see Fig. I, A, portion IV and 1, B, kymogram). What then 
causes the increased electrical activity in the lingual nerve? 

’ It is necessary to consider the conditions under which we observed the alterations in the impulses. Experi- 
: ments have shown that when the impulsation of the lingual nerve becomes more pronounced, the rise in arterial 
pressure becomes more pronounced, resulting in higher levels of pressure. The impulses increased only during 
the period of rising arterial pressure but, when this pressure reached its maximum, not infrequently the impulses 
would decrease to initial levels. 
These findings seem to indicate that the impulses in the afferent, that is the lingual, nerve are associated 
(when strengthened) with a rise in the arterial pressure. 
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A detalled comparison of the changes in the electrical activity of the cervical sympathetic nerve with the 
changes In the electrical activity of the lingual nerve which occur at the very beginning of the stimulation of 
the receptors of the urinary bladder shows the definite phases of these alterations (Fig. 2). Portion I shows the Inl- 
tial electrical activity of the lingual nerve tn the form of slow impulses of low amplitude (oscillogram c), while 
the cervical sympathetic nerve records 2 larger number of double phase slow impulses, grouped within the rhythm 


of the pulse (oscillogram a). 


Within 0.4 seconds after distending the urinary bladder, there could be observed an Increase in the {m- of 
pulses within the sympathetic nerve, while the lingual nerve at this time did not show any alterations as yet. The 
increase in the impulses within the lingual nerve began only 0.9 seconds after the beginning of the stimulation. 
0.5 seconds later the electrical activity within the cervical sympathetic nerve fell below intitial levels while the 
lingual nerve showed a strengthening of the impulses, for still another 0.5 seconds, after which ft also reflected a 
decrease. Thus, the alterations in the impulses within the sympathetic nerve preceded the alterations to be seen 
in the lingual nerve. As the increased activity within the cervical sympathetic nerve could increase the tonus of 
the arteries and arterioles within the tongue, it might be assumed that the stimulant of the receptors within the 
vessels of the tongue is the changing tonus of the vessel walls which {fs produced by stimulation of the sympathe- 
tic nervous system. This fs similar to the mechanism described for the receptors of the carotid sinus by C, Hey- 


mans [4] and by S. Landgren [5]. 


Another reason for the stimulation of the vessel receptors might possibly be the secondary increase in the 
pressure within the vessels of the tongue as a result of the general rise in arterial pressure. Comparison of the ini- 
tial alterations of the afferent and efferent impulses within the lingual and sympathetic nerves serves as a basis 
for the belief that these changes might have reciprocal relationships. 


The physiological significance of the afferent impulses reaching the central nervous system from the receptors 
within the vessels of various organs during the course of arterial pressure alterations is to be the object of our further 


studies. 


SUMMARY 


The electric activity of the afferent (lingual) nerve and efferent (cervical sympathetic) nerve (preganglionic 
fibers) or sublingual (postganglionic sympathetic fibers) was studied during stimulation of interoceptors of the uri- 
nary bladder, The latter resulted in increase of arterial pressure. It was shown that the greater the afferent impuls- 
ation of the lingual nerve, the more pronounced is the rise of the arterial pressure, 


Impulsation increase took place only during the rise of the level of the arterial pressure. When the pressure 
reached its maximum, the impulsation was frequently decreased to the initial level. 


After interruption of the stimulation of the urinary bladder, reestablishni-at of the character of impulsation 
took place almost at the same time when the arterial pressure returned to normal, Comparison of the initial changes 
of the afferent impulsation (in the lingual nerve) and efferent (in the cervical sympathetic nerve) points to the pos- 
sible interrelationship of changes in the afferent and efferent impulsation, The increase of the efferent impulsa- 
tion takes place at first in the cervical sympathetic nerve and later the afferent impulsation {fs increased in the 
lingual nerve, After that a significant decrease in the impulsation takes place in the cervical sympathetic nerve. 
Increased electrical activity is retained in the afferent nerve for 0.5 seconds. 
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The antibacterial drugs in widespread use in the treatment of dysentery cannot be considered fully effective 


since in 22-25 % of cases in which they are used the disease acquires a chronic course [1]. For this reason attempts 


to speed up the processes of repair in the bowel are undertaken, by acting on the body as a whole. In this way, 
for instance, novocain (5, 6, 7, 8], and magnesium sulfate are used in the treatment of dysentery. 


We thought {t worth while to compare experimentally in dysentery toxemia the action of novocain and 
magnesium sulfate with that of the widely used sulfonamide drugs. 


EXPERIMENTAL METHOD 


We performed 39 experiments on cats. Dysentery toxemia was produced by giving two subcutaneous in- 
Jections of Shiga dysentery toxin in a dose of 7-10 lethal mouse doses per 1kg body weight with an interval of 24 
hours between the injections, At the same time as the toxin injections and for 3 days afterwards, in 16 experi- 
ments novocain was injected intramuscularly (daily dose 0.01 g/ kg) and in 12 experiments — magnesium sul- 
fate (daily dose 0.015 g/k g). From 3-4 hours after the injection of toxin, oral administration of phthalyl sulfa- 
thiazole was commenced in 11 animals (daily dose 0.2 g/kg). During 4 days observations were made on the be- 
havior of the animal,and its recta] temperature and weight were measured daily. On the fourth day of the tox- 
emia the condition of the interoceptors of the small intestine was studied by a previously described method [4]. 
After the experiments the animals were autopsied. 


The general pattern of the toxemia, the autopsy findings and the character of the interoceptive reactions 
of the animals receiving one or other form of therapy were compared with the results of preliminary experiments 
on untreated cats [4]. 


In untreated cats the injection of Shiga dysentery toxin caused the development of a severe illness, accompa- 


nied until the 4th day of the toxic effect by diarrhea and loss of weight amounting to 7 %, The temperature was 
raised, reaching its peak on the 3rd day. On the 4th day the temperature fell, often below normal. The tempe- 
rature range was on the average 1.4° C. Areas of necrosis occurred in the mucosa of the alimentary tract in 5 out 
of 9 cats. In the 4 remaining cats changes in the stomach and bowel were moderate and took the form of hypere- 
mia and edema of the mucosa with tiny hemorrhages and superficial ulcers. The intensity of the interoceptive 
intestinai reflexes of these animals was diminished when dysentery toxin was applied to the mucosa of a perfused 
intestinal loop, while that of healthy animals was unchanged, 
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EXPERIMENTAL RESULTS 


In the 16 cats receiving novocain at the same time as toxin the condition was serfous and differed little from 
the condition of animals not receiving novocain. By the 4th day of the toxemia all the cats had lost about 7 % of 
their weight. One of them had lost 23 % of its weight. The variation in temperature was on the average 1.2° C. 


Fig. 1, Experiment dated April 20, 1956. Cat 4150 g in weight. Explanation fa 
text. 

Interpretation (from above downward ); arterial pressure, original level of arterial 
pressure, respiration, zero line of manometer, record of stimuli, time record at 5- 


second intervals. Quantity of nicotine expressed in y. 


As shown at autopsy, the use of novocain not only did not prevent the development of lesions in the alimen- 
tary tract but, on the contrary, in some cases it led to the development of more severe morphological changes, 
In 11 animals of this series areas of necrosis were found in the mucosa of the alimentary tract, often larger than 
: in the control series, and only in 5 animals were moderately severe lesions found in the intestine (hyperemia and 


edema of the mucosa, superficial ulceration, hemorrhages). 


Interoception in the intestine of 12 of these animals was studied; the 4 remaining cats, being in such a 
serious state, died while preparations were being made for the experiments. In 11 experiments in this series the 
introduction of toxin into the lumen of a perfused loop of bowel was not accompanied by change in the pressor 
reactions of the arterial blood pressure in response to injection of nicotine into the vessel [Fig. 1]. In only one ex- 
periment was absence of reflex reactions of the arterial blood pressure to nicotine observed. 


It was thus shown that the use of novocain does not change the intensity of the reflexes to nicotine. The 
character of the interoceptive reactions of the bowel in these cats was in no way different from the same reactions 
in animals not receiving novocain. The “removal of pathological interoception® with novocain, recommended 
by L. V. Sepp [7] is not followed by improvement in the condition of the experimental animals. 


The development of lesions in the mucosa of the bowel with unchanged intensity of reflexes after applica- 
tion of toxin to the mucosa of the bowel of these animals shows that changes in the interoceptive reflexes are more 


likely to be the result than the cause of the pathological process. 
The results obtained do not agree with the successful use of novocain in clinical practice described above. 


In a second series (of 12 experiments) magnesium sulfate was used. Eleven of these cats were characterized 
by a good general condition. These animals differed little outwardly from healthy ones and took their food well. 
As a rule they did not develop diarrhea but they all lost weight (on the average 6%) and their temperature varia- 


tion was 0.9° C. 
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The exception in this series of experiments was the development of a severe hemorrhagic enterocolitis tn . 
one cat which died on the 3rd day after injection of the tox'n, 
The interoceptive function of the bowel was studied in 11 animals, Application of dysentery toxin to the 
mucosa of a perfused portion of bowel in 7 animals did not produce any change in the intensity ef the interocep- 
tive reflexes to nicotine. At autopsy of these cats slight changes were found in the alimentary tract, consisting 7 
of hyperemia and edema of the mucosa, mainly of the distal portion of the small bowel and the whole of the large 
| 
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Fig. 2. Experiment dated June 7, 1956. Cat weighing 3400 g. Explanation in 


text. 
Interpretation as in Fig. 1. 


Fig. 2 is an illustration of this experiment. The intensity of reflex increase of arterial pressure (10 mm of 
mercury on injection of 10 y of nicotine) does not change in the course of 41 minutes after stimulation of the in- 


testinal mucosa with toxin. 


In 3 experiments the introduction of dysentery toxin into the lumen of the perfused loop of bowel led toa 
twofold increase in the intensity of the reflexes to nicotine compared with the original. 


In Fig. 3 are shown kymograms of one of these experiments. Application of dysentery toxin to the mucosa 
of a perfused loop of bowel caused, in response to injection of 100 y of nicotine, a rise of 6 to 18 mm of mer- 
cury in the arterial blood pressure. The intensity of the reflexes was restored after 50 minutes. 


In two of the three animals the morphological changes consisted of edema of the mucosa of the alimentary 
tract and hemorrhages in the pyloric part of the stomach or the beginning of the duodenum, The third animal de- 
veloped edema of the mucosa only. 

In only one experiment did the inurcduction of dysentery toxin into the lumen of the bowel lead to suppression 

- Of the reflexes to 100 y of nicotine for a period of 43 minutes. Only in this case was there formed a smail (0.2 x 
x 0.6 cm) localized area of necrosis in the mucosa of the duodenum, 


In control experiments in which magnesium sulfate was not given, severe toxemia developed in the 4th day 
as a result of the action. of the dysentery toxin, Introduction of toxin into the lumen of the perfused intestinal loop 
led to a persistent lowering of the reflexes to nicotine. These animals showed severe hemorrhagic areas of necrosis 

” in the stomach and duodenum and edema of the mucosa of the large bowel, 
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These experiments showed that in experimental conditions the parenteral administration of magnestum sul- 
fate considerably weakens the action of dysentery toxin, 


- 


Fig. 3. Experiment dated May 18, 1956. Cat weighing 3050 g. Explanation 
in text. 
Interpretation as in Fig. 1. 


Our results shed no light on the mechanism of this positive effect. It is difficult to connect it with the nar- 
cotic effect of magnesium sulfate since the doses used were much too small, 


The positive results from the use of magnesium sulfate in experimental dysentery toxemia and its good 
therapeutic results in acute and chronic dysentery [2, 3] give grounds for further study of this drug and also for its 
use in the therapy of dysentery. . 


The most severe toxic effects developed when sulfonamide drugs were given (11 experiments), On the 4th 
day of the illness the condition of these animals was far more serious than the controls. However, their loss of 
weight was rather less — 6 %, possibly on account of the greater edema of the tissues, The variation in the tem- 
perature, like the control group, was 1.4°C. Two cats in this serses died on the 3rd day and one on the 4th day 
of toxemia, The morbid anatomical picture was completely in keeping with the severity of the disease, In 10 
animals were found severe changes in the alimentary tract, including areas of necrosis in the pyloric part of the 
stomach. In only one cat was the degree of involvement of the bowel moderate (hyperemia, edema, small he- 
morrhages). 


Study of the interoceptive function of the intestine of these animals (8 experiments) showed a marked low- 
ering of the pressor reactions to injection of nicotine into a vessel after application of dysentery toxin to the 
mucosa of the perfused loop of bowel (3 experiments). In 2 experiments a diminution of intensity of the pressor 
reactions of the arterial blood pressure was also observed, but against a background of unstable reflexes, and in 
2 experiments there was a small rise in the intensity of the silbinee to nicotine (from 10 to 14 mm of aanneaty). 
In one experiment no changes in the reflexes could be obtained. 


The results obtained show that sulfonamide drugs have no antitoxic action in poisoning due to Shiga dy- 
sentery toxin in cats. . 


On the contrary, their use greatly aggravates the course of the dt, 


In respect of diminution of the toxic effects, the results of these experiments are not in agreement with 
the successful clinical application of the sulfonamide drugs. It must be remembered, however, that in our ex- 
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periments phthaly! sulfathfazole was used not in {nfection but {n toxemia, the severity of which probably caused 
the appearance of toxic properties of the sulphonamides, 


SUMMARY 


Intramuscular infection of novocain in dysentery intoxication docs not improve the general condition 
of the animals, Magnesium sulfate used in the same conditions relieves the course of this disease, Sulfa- 
nilamide preparations have no antitoxic effect in dysehtery intoxication, 
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According to many workers narcosfs inhibits the development of several infections (4, 5, 6 and 2). Drug- 
induced sleep in rabbits inhibits the development of local staphylococcal infection, smallpox and rabies and at 
the same time it aggravates the course of pneumococcal septicemia, tetanus infection (on infection with spores) 


and tetanus toxemia [7]. 
According to the findings of Alaverdian [1}, local anesthesia with novocain and general barbiturate narcosis 
reduce the area of spread of the inflammatory reaction in the skin of experimental animals caused by staphyloco- 


ccal autolyzate. 
In the present work we studied the effect of urethane on the lymphoid organs and the susceptibility of white 


mice to typhoid fever poisoning. 
In the first part of our work we studied the change in weight of the organs of white mice under the action 


of urethane. 


EXPERIMENTAL METHOD 
"The investigations were made on white mice weighing 17-18 g. Urethane was injected Ghentencenty twice 
a day in doses from 0,25 to 7.5 mg per injection. 

At various intervals after injection of urethane the animals were killed. The liver, spleen, axillary glands, 
adrenal glands and thymus were weighed on spring scales and the weight of each organ calculated as a percentage 
of the total body weight of the animals. The results obtained were compared with the weights of these organs in 
normal mice not receiving urethane. The weights of the organs of normal animals were taken as 100 %, 


EXPERIMENTAL RESULTS 


Four series of experiments were carried out (with 10 mice in each series). Each mouse recelved a daily sub- 
cutaneous injection of 0.5, 5, 10 or 15 mg of urethane. As a result of the urethane, on the 3rd-4th day the weight 
of the thymus and spleen decreased. The weights of the remaining organs did not always decrease during this time 
and in some cases they even increased. 

As seen in Fig. 1, the weight of the thymus decreased by 75 % on injection of 10-15 mg of urethane, by 50% 
on injection of 5 mg and by 25 % on injection of 0.5 mg. 

The weight of the spleen decreased by 75 % on injection of 15 mg of urethane, by 50 % on injection of 10 mg. 
In smaller doses, urethane had no effect on the weight of the spleen. 
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The action of urethane om the weight of the lymphold organs fs thus the same as that of cortisone and other 


corticosterofds [10}. 

In order to discover whether urethane acts directly 
on the thymus and spleen or whether {ts action fs effected 
through the adrenal glands, exper{ments were performed 
on30 white mice. These mice were divided into 3 groups, 
10 in each. 


From the mice of the first and second groups the 
adrenals were extirpated, after which the mice of the 
first group were injected with urethane in a dose of 10 mg 
twice a day. The total dose of urethane per day was 20 


Doses of urethane (in mg) ges mice of the second group did not receive ure- 


Fig. 1. Change in weight of the thymus and 
spleen due to urethane. The unoperated mice of the third group received 


1) Weight of thymus; 2) weight of spleen. injections of the same doses of urethane, After 3 days 
all the mice were killed and the weights of the thymus 


and spleen were studied. 


Change in weight (% 


As in the preceding experiments, as a result of the injections of urethane into the unoperated mice the weight 
of the thymus decreased by 75 %. Injection of urethane into the operated mice decreased the weight of the thymus 
by 33 % The weight of the thymus of the operated mice, not receiving urethane, increased by about 1°/2 times. 
The same effect of urethane was shown by the spleen (Fig. 2). 

It may be suggested that urethane acts not only directly 
Spleen on the thymus and spleen but also, by stimulating the adrenal 
cortex, causes secretion of a large amount of corticosteroids, 
the action of which is added to that of urethane and thereby 
causing still geater decreases in the weight of these organs, 


In the second part of the work we ascertained whether 
urethane {fs like cortisone in raising the resistance of mice 
to typhoid poisoning. As an additional control in this group 
of experiments we set up a series in which the animals were 
injected with cortisone. We know from the literature [8, 9] 
and also from our own investigations [3] that cortisone, in- 
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Chenge Os wale jected simultaneously with a bacterial vaccine, increases 
of the thymus and spleen due to 
the resistance of the animals to a toxic dose of the vaccine, 
urethane given to normal and 
OBIE So RTE NE In order to solve this problem we set up 4 series of experi- 
ments on white mice, with 20 in each series. 


1) In normal mice; 2) in 
normal mice receiving urethane; The investigations were carried out on white mice 


3) in adrenalectomized mice; weighing 17-18 g. Typhus poisoning was produced by ad- 

4) in adrenalec. »mized mice ministration of a typhoid culture (strain 265), killed by heat- 
receiving urethane. ing to 56-58° C for 1 hour. In all cases the killed culture 
was injected intraperitoneally in a volume of 0.5 ml, con- 


taining 3 x 10° bacterial bodies. Urethane, in a dose of 10 mg per mouse was injected subcutancously at the same 
time as the vaccine or 4-5 hours afterwards. Cortisone was injected intramuscularly at the same time as the vac- 


cine in a dose of 0.1 mg per mouse. 

In series I (contro) the mice were injected with typhoid vaccine alone, without urethane. 

In series II, 10 mg of urethane was injected at the same time as the vaccine, and this was continued for the 
following 3-4 days in a dose of 10 mg twice dafly. 

In series III, the administration of urethane in the same dosage began 4-5 hours after the injection of vaccine 
and was continued for the following 3-4 days. 


i 
4 
al 
. 


In serles IV (control), 0.1 mg of cortisone was Injected intramuscularly at the same time as the vaccine 
(see Table). 
EXPERIMENTAL RESULTS 


The results of these experiments are shown in the Table. 


The Effect of Urethane on the Res{stance to Typhold Pofsoning of White Mice 


Date of 
injection 
of vaccine 


Series of 


experiment | experi- 
ments 


While in series IV: of the experiments 16 of the 20 mice Injected with cortisone simultaneously with the 
vaccine survived, in control series I only 4 mice survived, In series II and Ill, f.e. in experiments with mice re- 

ceiving urethane injections, 6 mice survived in each group, and the rest died in the first two days after the injec- 
tion of the vaccine. 
On repeating this experiment two further groups of 10 mice each were added, In one group, each an{mal 
was Injected with 10 mg of urethane daily, in the other, with 0.1 mg of cortisone 3-4 days before the injection 
of vaccine and for 3 days afterwards. As before,the greatest number of deaths was observed among mice treated 


with urethane. 
Thus the injection of mice with urethane in these doses resulted in a considerable reduction in the weight 
- of the thymus and spleen and did not improve the course of typhold polsoning. 


Reduction of weight of these organs was observed to a greater degree {n normal mice than in adrenalectomized 
mice, We may suppose that urethane has a destructive action, both directly on lymphoid tissue and through the 


adrenal cortex, stimulating the secretion of corticosteroids. 
Both in the previous experiments with cortisone [3] and in the present experiments the protective effect of 
this drug was established in experimental bacterial poisoning. 


In experiments with urethane we were unable to observe a similar effect, in spite of the outward resemblance 
in the action of these two substances on the lymphoid organs. On the contrary, prolonged administration of urethane 


lowered the resistance of the animals to bacterial poisoning. 

This increased susceptibility is evidently due either to disturbance of adrenal function as a result of excessive 
stimulation from the effect of urethane, or to destruction of the lymphoid organs, whose importance has not yet 
been finally elucidated. 


SUMMARY 


Urethar = does not cause protective effect in experimentally induced typhoid fever intoxication. Prolonged 
use of urethane in the doses of 20 mg per mouse, weighing 17-18 kg ; decreases the resistance of the animals to 
subsequent bacterial intoxication. Subcutaneous introduction of urethane in the dose of 0.5 mg per mouse during 
3 or 4 days results in decrease of the weight of the thymus gland, while the dose of 10 to 15 mg causes reduction 
in the weight of the spleen. This effect is reached both in normal mice and in adrenalectomized ones. 
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Member of the AMN SSSR Prof. D. A. Biriukov) 


(Received October 31, 1956. Submitted by Active Member of the AMN SSSR S.V. Anichkov) 


The reaction of the heat regulating centers to pyrogens during amytal hypothermia was studied in intact 
dogs and in dogs with destruction of the main distance receptors by V. S. Galkin*s method [1]. 


The experiments were performed regularly every 2 weeks. A 5 % solution of sodium amytal was injected 
subcutaneously in different doses in different experiments — 50, 60 and 75 mg of the drug per 1 kg body weight 
of the animal. 
Injection of sodium amytal in a dose of 50 mg/kg in one of the operated dogs produced in all 6 experiments 
a more profound sleep so that the dog failed to react at all to the prick of a needle. In a second operated dog in 
which the sleep was less profound, amytal in a dose of 50 mg/kg caused deepening of sleep in only one of three 
animals and in the two remaining experiments, after injection of the narcotic, by contrast a sharp stimulation was 
observed which lasted for 3-5 hours (the dog began to walk and on attempting to make it lie down, to measure its 
temperature or to put on its muzzle it clenched its teeth, growled and tried to bite). 


In experiments on intact dogs an injection of 50 mg/kg of sodium amytal caused deepening of the sleep in 
only one dog, while the other two dogs showed only some degree of sluggishness. In order to produce a decper sleep, 
in later experiments the dose of the narcotic was increased. 


After injection of sodium amytal a considerable degree of hypothermia was observed in all the dogs [2, 5}. 
From Table 1 it is seen that the degree of lowering of the rectal temperature after injection of sodium amytal ‘ 
differed in different dogs, as well as in the same dog in repeated experiments after injection of the same dose of 
narcotic, However by increasing the dose of sodium amytal the hypothermia was more marked. The hypothermia 
was less pronounced and less prolonged in the majority of the operated dogs than in the intact animals. 


In order to explain the features of the reaction of the heat regulatory centers to pyrogens at different stages 
of hypothermia, we injected animals subcutaneously with a vaccine of B, mesentericus (at the rate of 0.5 ml/ kg 
or 1 ml/ kg) simultaneously with sodium amytal during the first hour after administration of the narcotic or 4 
heurs after injection of sodium amytal, during developing sleep and the most pronounced hypothermia. It can be 
seen from Table 2 that in animals receiving pyrogen within one hour of the injection of the narcotic, just as in 
experiments in which sodium amytal was injected alone, hypothermia developed in the great majority of cases 
(10 out of 12), but mostly lasting only for a short time (from 1 to 4 hours in 7 experiments), it was then replaced 
by hyperthermia this replacement taking place very quicly. In some experiments the maximum rise of tempera- 
ture exceeded the original level by 1-2° C. In 2 experiments there was no hypothermia at all, and in only 3 ex- 
periments out of 12 was the hypothermia at all prolonged. 


It must also be mentioned that in these experiments there was a more rapid change from hypothermia to 
ralsed temperature, and this reached a higher level eventually in experiments on operated dogs. 
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TABLE 3 


mesentericus) 4 Hours After Injection of Sodium Amytal 
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_Name of dog 


Operated dogs 


1.0} —0.9° 
—2.1° 


1.0 
1.0 | —1.7° 


1955 
7/VI_ 1955 
2/VIII 1955 


Mishka 


Katysh 


Intact dogs 


—3.6° 
—2,8° 
—4 


—3,.3° 


1.0 
1,0 


1.0 


—3.6° 
—5,1° 


—3.6 


—3.2 


—3.3° 


—4.1° 


—3.77 | —4.5° 


—3.4° 
—2.4° 
—2.5° 


—2.1° 
—1.1° 
-1.0 
—1.2 


60 


60 


60 


60 


38.6° 
38 


38.3° 


38 .8° 


7/V1 1955 
2/VIII 1955 
1955 
2/VIII 1955 


Dianka 


Dinka 


The changes In the body temperature 
after injection of pyrogen In these doses 4 
hours after sodium amytal, at a time when the 
temperature was lowered (from 1.4 to 5.1 °C 
in different experiments) are shown in Table 
3. In all 7 experiments injection of pyrogen 
into animals already in a state of amytal hy- 
pothermia caused a considerable increase in 
the body temperature, the greatest Increase 
of temperature in 4 experiments exceeding 
the original (before injection of sodium amy- 
tal) level by 0.9-2° C. 


Preservation, and even pronounced de- 
gree (relative to the orginal level of the tem- 
perature at the moment of injection of pyrogen) 
of the temperature reaction to the injection 
of pyrogen during amytal hypothermia fs of 
great interest. Whatever may be the cause 
there is no doubt that the rise in the body tem- 
perature of animals in a state of amytal hy- 
pothermia, after injection of pyrogen, of 
3-4° C and even 5-6°, which is several times 
greater than the rise in temperature of dogs 
in control experiments to the same pyrogen 
(the greatest rise in body temperature after 
injection of pyrogen in control experiments 
in different dogs was 1.1-2°), does not accord 
with the idea of a depressed state of the ther- 
moregulatory centers due to the effect of so- 
dium amytal, On the other hand, hypother- 
mia shows the considerable derangement of 
heat regulation, For instance as a result of 
sodium amytal the ability of the animal to 
maintain a normal level of body temperature 
is greatly reduced while at the same time its 
power to react to an “extreme™ pyrogenic 
stimulus by a rise of temperature is not only 
preserved but is intensified, The question 
arises, what is the physiological nature of 
this change in the state of the thermoregula- 
tory center due to amytal, in which its “tonus® 
is greatly reduced, but its excitability to “ex- 
treme" stimuli, on the contrary, is increased. 
For an explanation of this problem it is neces- 
sary to determine accurately during narcosis 
the excitability of the thermoregulatory centers 
in relation to adequate stimuli and to compare 
the results with the character of the disturb- 
ance of heat regulation in other types of nar- 
cosis. This is particularly important at the 
present time in connection with the sugges- 
tion which has been put forward of the dif- 
ferences in the principle of the action on the 
central nervous system of narcotics of the 
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fatty group (lowering the level of lability of the nerve centers) and of the barbiturates (increasing the level of la- 
bility (6, 7) ). 

The results confirm our previous (3, 4] conclusfons on the increase during sleep of the reactivity of the thermo- 
regulatory centers of dogs deprived of the three main distance re 


SUMMARY 


The temperature reaction to the {ntroduction of a pyrogenic agent (killed culture of B. mesentericus) was 
studied in condition of sodium amytal sleep. The work was carried out on 3 intact dogs and 2 dogs in which 3 dis- 

tant receptors were removed. Hypothermia after introduction of this narcotic was prolonged, less pronounced and 
dissimilar to that of the intact dogs. Introduction of pyrogen decreased the hypothermia and brought about increase 

of the body temperature to the initial level and even higher. The relative degree of increase of the body tempera- ’ 
ture was 2 to 3 times higher than the rise of the temperature in the control group. The data which were obtained 

point to the decrease of the tone (hypothermia) of the thermoregulating centers during amytal sleep and their re- 
latively increased excitation to the pyrogenic stimulation, The results of these experiments likewise, support the 

fact that the decrease of activity of the brain cortex {s connected with a certain disinhibition of the subcortical 


thermoregulating centers. 
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SECRETORY FUNCTION OF THE STOMACH IN HYPERTHERMIA® 


M. M. Dzhallloyv 


From the department ofpathological physiology (Head — Prof. M. M. Pavlov) of the Ist Leningrad 
Academician I. P. Pavlov Medical Institute (Director — Assistant Prof. A. 1. Ivanov) 


(Received February 21, 1957. Submitted by Active Member of the AMN SSSR V. N. Chernigovskit) 


In the clinical and experimental literature at the present time there are many reports on the secretory and 
motor function of the stornach under physiological conditions. 


In medical practice diseases may often be met which are accompanied by a febrile reaction and in which 
disorders of the function of the digestive apparatus are observed, This has been described by many writers; S. P. 
Botkin [1] and others (2, 4, 7, 10, 11]. However.the problem of disturbance of the secretory function of the gastro- 
intestinal tract in febrile conditions has not yet been adequately investigated. The secretory function of the sto- 
mach in hyperthermia fs the subject of contradictory reports in the literature (3, 5, 9, 12, 13}. 


We therefore decided to study the secretory function of the stomach in various stages of experimental fever. 


In this article we give our findings on the changes in the secretory function of the stomach and in the pro- 
perties of the gastric juice during hyperthermia. 


EXPERIMENTAL METHOD 


Experiments were carried out on five dogs; on four with isolation of the stomach, the operation being per- 
formed by I. P. Pavlov’s method (Turkoz, Chernysh, Dzhul ‘bars and Tsygan), and in three of these a gastric fistula 
of the Basov type was added, while in one dog (Kutsyi) espohagostomy was performed and a gastric fistula made. 


We studied; 1) the secretion of gastric julce to various stimulants of gastric secretion (milk, meat, bread, 
sham feeding and subcutaneous injection of histamine); 2) the acidity of the juice (free, total and combined) by 
the Michaelis method; 3) the digestive power of the juice by Mett's method; 4) its content of water and solids 
by Bang‘s method and 5) the content of organic and inorganic substances in the juice. 


After establishment of a basis for comparison at 38-39° C, for 4 hours we studied the secretory function of 
the stomach of the same animals in a state of hyperthermia in a specially constructed dry-air chamber, heated by 
electric lamps. 

In some experiments we applied the digestive stimulus at the moment the dog was put in the chamber, and 
in others at the time of maximum rise of body temperature, f.e. at the end of the 2nd and 3rd hour of the observa- 
tlon. 


The rectal temperature of the animals was recorded every 15 minutes by means of a thermocouple. During 
hyperthermia we carried out pneumography by the usual method, 


EXPERIMENTAL RESULTS 


During overheating the temperature of the animals rose on the average by 1° C (mean vartation of the nor- 


* Delivered at the VIth scientific conference of senior students and interns of the Ist Leningrad Academician I, P. 
Pavlov Medical Institute on February 12, 1955 and to the Leningrad Society of Pathophysiolog!sts on December 26, 1956. 
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mal body semaperature of the animals was 38.3-38.8° C). To illustrate the changes n the body temperature dur- 
ing ovesheating we give the temperature curve of the dog Turkoz (Fig. 1): the temperature begins to rise in the 
second half of the first hour and reaches {ts maximum in the 2nd-3rd hour of overheating. 


Time (in hours) 


Fig. 1. Temperature curve during overheating. Dog Turkoz 
(experiment dated October 5, 1954). 


The kymographic tracing of respiration during this experiment showed a marked increase in the rate of 
breathing, to 300 per minute. : 

During the process of overheating, in addition to a rise of temperature the animals showed great restlessness. 
The experimeatal animals lost from 250 to 600 g in weight. 

The secretory function of the stomach was measured during overheating in the following manner, The latent 
period of secretion, if the digestive stimulus was applied at the time of the rise of temperature, was prolonged to 
12-19 minutes, in place of the normal 6-9 ininutes, but was unchanged in the experiments in which the digestive 
stimulus was applied when the dog was placed in the chamber. The gastric secretion was depressed during hypo- 
thermia, as shown by reduction in the volume of juice secreted, a lowering of its acidity and of its digestive power. 


As an illustration we give the results of the experiment on the dog Turkoz. 


It will be seen from Fig. 2 that during the period of hyperthermia (experiment dated October 5, 1954) the 
secretion of juice to meat was greatly reduced; in the 1st hour to 2.1 ml in place of the mean normal value of 
5.6 ml, te. by 62%; in the second hour by 70 % and in the 3rd hour by 56 %, while in the 4th hour mucus was 
secreted inplace of juice. During the whole period of hyperthermia, 6 ml of juice was obtained in place of the 
normal 14 mil, i.e. the secretion was reduced by 57 %. 


Besides the quantitative changes in the gastric juice during hyperthermia, changes of a qualitative character 
were found too. Free hydrochloric acid was absent from the gastric juice, the total acidity fell to 20 units in the 
first hour in place of the average normal value of 88, and the content of combined hydrochloric acid rose, possibly 
due to the imcxreased secretion of mucus. The digestive power of the juice was weakened. The percentage con- 
tent of solids in the juice was increased, in respect to both organic and inorganic substances, and the water content 
was correspondingly reduced. Similar results were obtained with the dog Chernysh. 


Similar changes in the secretion of gastric juice were observed in experiments with milk as a digestive sti- 
mulus, the only difference being that the volume of gastric juice secreted was not reduced so sharply as in response 
to meat, possibly because with milk, a large volume of fluid is introduced into the gastro-intestinal tract. 


The same results were obtained from a study of secretion in response to bread in the dogs Chernysh and Tsygan. 
However, changes in the amount and quality of the juice in response to bread were less pronounced than those to 


meat and milk. 
On repeating the hyperthermia, the results obtained were similar but expressed to a lesser degree. 


After hyperthermia the altered gastric secretion was restored to normal during the first week. It can be 
seen from Fig. 3 that even on the day after the hyperthermia the volume of juice secreted had risen and its aci- 


dity and digestive power were increased. 
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Volume of juice in the experiment. 
Duration of overheating. 


Fig. 2. Gastric secretion to meat during hyperthermia 
(experiment dated October 5, 1954). 


From their experimental and clinical observations on the action of a high air temperature on the body, cer- 
tain workers have drawn attention to the presence of a so-called period of after-effect, lasting for 10-14 days. 
However the conditions of their experimeiits were somewhat different, for in some investigations the animals were 
given a digestive stimulus after hyperthermia only, while in our experiments we made observations throughout the 
hyperthermia and on the following days. 


M. L, Eidinova [7] pointed out that exposure of animals to a temperature of 40° C for 45 minutes was accom- 
panied by very slight changes in the secretory activity of the stomach and in the properties of the gastric juice, 
while exposure to overheating at 50° C for 45 minutes resulted in lasting changes in the secretion, continuing for 
3 weeks. In all this author's experiments the digestive stimulus was applied to the animals after hyperthermia. 


It has been shown [5] that exposure to the sun or 2 temperature of 40°C in 2 chamber for 4 hours causes 
prolonged changes in the gastric function of dogs: during the 3 days following such overheating there is observed 
at first an increase in the secretion, later a reduction and finally another increase; similar findings are reported 
by other writers [6]. 


Investigation of the secretory function of the stomach of the dog Kutsyi in which gastrostomy and esopha- 
gostomy had been performed, in sham feeding experiments with meat and by subcutaneous injection of histamine. 
during hyperthermia showed that just as in the experiments on animals with isolation of the stomach there fs a 
qualitative and quantitative change in the gastric secretion, This change takes the form of lengthening of the 
latent period of secretion to 16-21 minutes instead of the normal 6-8 minutes, if the digestive stimulus ts applied 
during the maximum rise of body temperature of the animal. The volume of gastric juice secreted is reduced 
by 2-5 titaes, the total acidity falls as a result of a diminution of free hydrochloric acid, the amount of combined 
hydrochloric acid rises, the digestive power of the juice is reduced, the residual solid content is increased in re- 
spect to organic substances but the absolute excretion of solids is reduced to 800 mg in place of the normal 2500 mg. 
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In experiments {n which the digestive stimulus was applied during maxtmum tise of body temperature, hy 
posecretion was observed, The total volume of gastric Juice secreted during the usual period of investigation was 
slightly reduced, In these experiments the dog Kutsyl lost 500 g in weight, possibly the result of loss of a large 


quantity of water through polypnoea and salivation, 
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Fig. 3. Gastric secretion {n response to meat after hyperthermia 
(experiment dated October 7-8, 1954). 


Thus our experimental results show that during hyperthermia of an animal the secretory function of the sto- 
mach is modified both quantitatively and qualitatively, The changes observed following a single period of hyper- 


thermia are restored to normal within the first week. 


SUMMARY 
The author presents results of his study of secretory function of the stomach during overheating of dogs to 


38-39° C for 4 hours. 

It was established that the amount of gastric juice secreted during hy; crthermia fs decreased to all types of 
food stimulants. Its digestive power is also decreased. The acidity of the gastric juice is diminished down to com- 
plete absence of the free hydrochloric acid. The percentage of the hard substances fs increased, while their abso- 


lute value is decreased. 
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PHARMACOLOGY 


THE MECHANISM OF ACTION OF HEXOBARBITAL 


COMMUNICATION I. REFLEX INHIBITION OF CORTICAL MOTOR EFFECTS AND SPONTANEOUS 
MOTOR ACTIVITY OF THE ANIMAL RESULTING FROM THE ACTION OF HEXOBARBITAL ON 
THE INTEROCEPTORS OF THE INTESTINE 


V. A. Lebedeva 


From the laboratory of pathophysiology (Head — the late Prof. V. S. Galkin) of the I. P. Pavlov Institute of 
Physiology (Director — Academician K, M. Bykov) of the AN SSSR 


(Received March 8, 1957. Submitted by Academician K, M. Bykov) 


In a previous report [4] experimental results were given showing that perfusion of the intestine with hexo- 
barbital in concentrations close to those determined in the blood during hexobarbital narcosis «2-5 mg%) fs accom- 
panied by lowering of the excitability of the interoceptors. Introduction of larger doses of the narcotic (100, 200, 
300 mg) causes at first strong stimulation of the interoceptors and then subsequently depresses them. 


Since one of the essential signs of the narcotic state is depression of the motor activity of the animal, we 
looked into the possibility of reflex inhibition of motor reactions by the application of evipan to the interoceptors 
of the small intestine, The results of 29 experiments are described below. 


EXPERIMENTAL METHOD 


Experiments were performed on cats under urethane narcosis in the usual dose — 1 g per 1k g body weight 
of the animal. In part of the experiments we used a dose of urethane reduced to 1/5 to 1/ 10 of the narcotic dose. 
Under these conditions we observed continuous or periodic motor activity on the part of the animal. 


In the course of the investigation we recorded the contractions of the right semitendinosus muscle resulting 
from stimulation of the left motor area of the cerebral cortex. This stimulation was carried out through an open- 
ing in the skull made with a special burr in the left frontal bone and in the posterior bony wall of the frontal si- 
nus. With an approach of this sort to the motor area it was possible toavoid hemorrage from the venous sinuses. 
The dura mater was opened. Stimulation was by means of an induction current from an induction apparatus, us- 
ing bipolar silver electrodes, immovably fixed to the skull of the cat. The current in the primary coil of the in- 
ductor was obtained from the town supply through a voltage stabilizer and a step-down transformer (4 v). The 
strength of the stimulus was counted in centimeters on the scale of the inductor. 


Evipan sodium was injected from a syringe into the artery of a loop of bowel isolated from the animal in 
respect to its circulation, but with its nerve connections intact, or it was added to the perfusion of the intestine 
with Ringer-Locke solution containing 50-100 mg% of narcotic, The blood pressure in the carotid artery was re- 
corded by a mercury manometer and the respiration by a Marey's tambour connected to the trachea of the animal. 


EXPERIMENTAL RESULTS 


In 17 experiments the effect of injection into the vessels of the intestinal loop of 10 % evipan sodium on the 
cortical motor reactions and on the “spontancous® motor activity of the animal was studied. 


Altogether 38 injections of various amounts of the narcotic — from 30 to 500 mg — were given. 


| 


The results obtained In this series are shown in the Table. 


Change In the Motor Reactions of an Animal Resulting From: the Action of Evipan Sodium (Hexobarbital) 
on the Interoceptors of an Isolated Portion of the Small Intestime 


Number of 
injections 


Dose of nar- 
cotic (in mg) 


Cortical motor effects 


As seen from the table, in 16 out of 31 cases after applicatiom of the narcotic to the receptors in the intestine, 
inhibition of the cortical motor effects was observed. After denetwathen of the intestine these changes did not arise, 


which proves their reflex nature. - 


One of these experiments is [lustrated in Fig. 1. Stimulatiom of the left motor area with a coil distance (CD) 
of the induction apparatus of 17 cm produced clear contractions of the semitendinosus muscle (A). Injection into 
the blood vessels of the cat of 2 ml of 10 % evipan sodium was accomnpantied by a reflex rise in the blood pressure, 
stimulation of respiration and contraction of the semitendinosus mmescle (the so-called “spring” reaction), Stimu- 
lation of the motor area with a stimulus of the same strength or stronger (CD = 17, 16.5, 16, 15.5 cm) 35 seconds 
after injection of narcotic was found to be ineffective. A contraction of the muscle was produced only by increas- 
ing the strength of the stimulus to 2 cm on the scale (CD = 15 cm). After 7 minutes the reaction of the muscle 
was restored to a stimulus of CD- 16 cm, Full restoration of the motor effect was observed 22 minutes after the 
injection of evipan sodium (B). 


After division of the nerves supplying the loop of bowel, injection of evipan sodium caused no reflex changes 
in the blood pressure or respiration and did not modify the character of the cortical motor effect (C). 


Such inhibition of muscular contractions was not observed im ali the experiments. In 14 out of the 31 experi- 
ments (see Table, A) the character of the motor reactions to stimulation of the motor area did not change, There 
were also variations in the intensity and duration of the inhibition. In some experiments there occurred merely a 
diminution in the motor reaction, while in others it was completely absent.. 


The presence or absence of reflex influences on cortical motor effects by the Interoceptors of the intestine 
as a result of the action of evipan sodium depends on two conditions at least. 


The first condition fs the strength of the stimulation of the motor centers, which in turn depends on (in our 
experiments) the depth of the urethane narcosis. Usually we sclected an intensity of stimulation of the motor area 
which would give clear muscular contractions for a certain length of time (25-30 minutes). In most of our experi- 
ments this was from 0.25 to 0.5 cm above the threshold value. In cases where in response to such feeble stimuli 
the muscular contractions became irregular (usually in light narcosis}, we had to increase the strength of stimulation 
to 1-1.5 cm above the threshold level. It was, in fact, in these cases where most commonly reflex influences from 
the receptors in the intestine were absent. To this group, for example, belongs the experiment illustrated in the 
table (A), where two injections of 5 ml of 10 % evipan sodium did mot aleer the course of the motor reactions, 


The importance of the functional state of the central apparates controlling the motor reactions was shown 
particularly clearly in those cases where the experiment was performed on cats given preliminary large doses of 
urethane (100-200 mg/kg). Because of sharp variations in the excitability of the motor area, stimulation was not 
carried cut under these conditions. “Spontaneous* contractions alome were recorded. 


Injections of different doses of evipan sodium produced in 6 cases out of 7 (see Table, B) after an initial 
short stimulation, a prolonged inhibition of the “spontancous" muscufar contractions, lasting on the average for 
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3 to 12 minutes (Fig. 2). In only one experiment did injection of the narcotic produce purely intensification of 
both motor reactions of the animal, without subsequent inhibition, 


. 


| Evipan 200 mg} 


4 


jEvipan 200 mg] Evipan 200 mg } 


Fig. 1. Changes in the cortical motor reactions of the cat due to the action of evipan 
sodium on the interoceptors of the isolated intestinal loop. Experiment. 

A) inhibition of cortical motor effects after injection of 2 ml of 10 % evipan into the 
intestinal vessels of the cat (urethane narcosis); B) restoration of muscular contraction 


tion of larger doses complete inhibition of motor reactions was observed. 


22 minutes after injection of the narcotic; C) the same dose of narcotic injected into : 
the vessels of a denervated loop of intestine causes no change in cortical motor effects. 
Interpretation (from above downwards): contractions of the right semitendinosus muscle, 
blood pressure in the carotid artery, respiration, record of stimulation of the left motor 7 
area of the cerebral cortex (the figures represent the distances between the coils on the 
inductor scale) and injections of narcotic into the intestine, the zero line of the mercury 
manometer and the time record (5 seconds). 
Comparison of the experimental results shown in the table (A and B) shows that the inhibition of the “spon- } 
taneous® motor reactions resulting from the action of evipan sodium on the iiteroceptors of the intestine appears 
relatively more often then inhibition of the cortical motor effects. This depends, evidently, not so much on diffe- 
rences in the mechanism of “spontaneous” movements of the animal and of cortical motor effects as on differences ; 
in the original functional state of the central nervous system (depth of narcosis). 
The second condition affecting the frequency of inhibitory influences from the interoceptors of the intestine 
on the cortical motor effects is the dose of the injected narcotic. 
As shown in the Table (A), on injection of evipan sodium in doses of 30-100 mg inhibition was observed in 
7 out of 15 cases and in 8 it was absent; on injection of 2-3 ml of a 10 % solution of evipan sodium (200-300 mg) 
the muscular contractions remained constant in only 4 out of 14 cases, while in 9 cases clear inhibition was ob- “ 
served. In one experiment, after injection of 300 mg of evipan sodium the muscular contractions were strengthened, a 
The intensity of inhibition also varied with the dose of narcotic: in response to the injection of 30-50 mg of : 
evipan into the vessels of the loop of intestine, the muscular contractions were merely diminished, while on injec- 
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In a second scrics of experiments (12 experiments) we investigated the influence on cortical motor effects 
of prolonged perfusion of the intestine with Ringer-Locke solution containing 50 or 100 mg% of evipan sodium, 


f 


{2 ml 10% Evipan]. | 


Fig. 2. Inhibition of spontaneous motor activity by injection of 200 mg of evipan 
into the vessels of an isolated loop of small intestine. 

Interpretation (from above downwards); contraction of the semitendinosus muscle, 
blood pressure, respiration, record of injection of narcotic, zero line of the mercury 
manometer, record of time (5 seconds). The arrow indicates stopping of the drum 
for 40 seconds. Muscular contractions were absent‘at this time. 


The intestine was perfused twice in the course of 20 minutes with the solution containing a concentration 
of 100 mg%. In cach case there was observed a clear inh{bition of muscular contraction on stimulation of the 
motor centers of the cerebral cortex, On perfusion lasting from 3 to 21 minutes with the solution containing 50 
mg% of narcotic, clear inhibition of cortical motor effects was observed in 12 cases out of 17, there being no 
change in the remaining 5. 


The results of one experiment in this series are shown in the form of a kymogram in Fig. 3. During the 30 
minutes before perfusion of the intestine with evipan solution, muscular contractions in response to stimulation of 
the motor area were constant at CD equal to 11 and 11.25 cm. 


Fig. 3 shows the effects of two successive stimuli (2, 3), In order to check the excitability of the chemore- 
ceptors of the intestine, control injections of 50 y of nicotine were given, Its administration (1) was accompanied 
by increase in the arterial blood pressure, stimulation of respiration and contraction of the semitendinosus muscle. 
Perfusion of the loop of intestine with a 0.05% solution of evipan was continued for 5 minutes 46 seconds, During 
this time 200 ml of solution passed through the blood vessels of the intestinal loop, corresponding to 100 mg of 
narcotic. At the beginning of perfusion the arterial blood pressure rose and respiration was strengthened, Later the 
level of the blood pressure fell and the amplitude and rate of respiration diminished. One minute after the be- 
ginning of perfusion with evipan the effect of stimulation of the motor area at CD equal to 11.25 cm was intensi- 
fied (5), after perfusion for 4 minutes it was considerably reduced (6), and then it died out (8). At this time the 
vegetative and motor reflexes in response to stimulation of the interoceptors of the intestine with nicotine were 
absent (7). Contractions of the muscle did not occur in response to stimulation of the motor area (9, 11, 12) for 
some time (14-17 minutes) after flushing out the narcotic, in spite of the restoration of the excitability of the re- 
ceptors to nicotine (10). The motor effects were only fully restored 27 minutes after the end of perfusion with 
narcotic (13, 14, 15). 


The results of these experiments show the possibility of reflex inhibition of the cortical motor effects aris- 
ing in consequence to prolonged action of evipan on the interoceptors of the intestine. 


We consider noteworthy the feature which we were able to observe in two experiments (during a second per- 
fusion with narcotic in the experiment described and twice in another experiment), that is the more rapid restora- 
tion of the “spring® reaction in the muscle during stimulation of the receptors in the intestine with nicotine (Fig. 
3, 10) compared with the restoration of muscular contraction in response to stimulation of the motor area of the 
cortex (13, 14, 15). This shows that all the links in the reflex arc from the interoceptors of the intestine to the 
muscle may be freed sooner from the inhibitory process than the motor effect resulting from stimulation of the 
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study, especially since after flushing out the narcotic 
lity of the interoceptors of the intestine. 

Control experiments involving denervation of the intestine, in this series of experiments, showed that the in- 
hibition which we have described did not depend on the appearance of evipan in the general circulation, but was 


reflex in nature. 


neurones fn the motor area of the cerebral cortex. Consequently reflex inhibition of the cortical motor effects, 
arising as a result of changes in afferent impulses from the interoceptors in the intestine from the action of evipan, 
is localized, evidently, somewhere above the level of establishment of the reflex from the intestinal receptors to 
the muscle. It may be due either to a direct lowering of the excitability of the neurones in the motor area of the 
cerebral cortex, or to the appearance of a focus of inhibition at a lower level in the central nervous system. 


it 


1.5 mi . stop} 
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Fig. 3. Change in the cortical motor reactions of the cat during perfusion of an 
isolated part of the intestine with a 0.05 % solution of evipan sodium. Experiment. 
(Cat. Urethane narcosis). 

1,7, 10) seflexes to the injection into the blood vessels of the intestine of 50 y of 
nicotine; 2, 12, 13, 15) effects of stimulation of the left motor area at CD equal 
to llcm; 3, 5, 6, 8, 9, 11, 14) effects of stimulation at lower strength, at CD 
equal to 11.25 cm; 4) beginning of perfusion of the intestinal loop with evipan in 
a concentration of 0.05 %; first arrow) drum stopped for 1 17, minutes; second 
arrow) end of perfusion of intestine with evipan. Interpretation as in Fig. 1. Time 


intervals recorded every 2 seoonds. 


The problem of the localization of the reflex inhibition which we have observed requires further experimental 
the motor effect is usually restored sooner than the excitabi- 


CONSIDERATION OF THE RESULTS 


The behavior and the mechanisms of influences from the receptors in the internal organs on the motor reac- 
tions have been studied by many workers [1, 2, 3, 5, 8 and others). 


Inhibition of cortical motor effects by stimulation of receptors in the rectum was observed by A. A. Ukhtomskif 
[6]. In experiments by Danielopolu [9] and V. N. Chernigovskii [7] it was shown that stimulation of the sinus and 
depressor nerve enhances muscular contractions caused by stimulation of the motor area of the cerebral cortex. | 


According to the findings of O. S. Merkulova [5], application to the chemoreceptors of the intestine of 
chemical stimulants of different natures (acetylcholine, nicotine, carbon dioxide) is accompanied by a variety 
of effects on the activity of the skeletal musculature, : 
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The matnly inhibitory reflex action of evipan, shown by our experiments, on the course of motor reactions 
may be to some extent accounted for by {ts narcotic action on the interoceptors. In contrast to the other chemi- 
cal stimulants evipan at first gives rise to a brief stimulation of the interoceptors, followed by prolonged depres- 
ston of their activity, In accordance with this, the stream of afferent impulses to the center, intensified at first, 
fs dimInished in the second phase of action of the narcotic, It ts possible, therefore, that inhibition, at first de- 
veloping in the motor center {n connection with their excitation, fs later ma{ntafned by the reduction in afferent 
interoceptive impulses. We put forward this consideration purely as a working hypothes{s which fs in need of 
further experimental verification. ‘ 

SUMMARY 


Experiments were performed on cats. It was established that when evipan-sodium (arpal) acts on intestinal 
interoceptors there {s usually a reflex inhibition of the cortical motor effects and “spontaneous® motor activity 
of the animal ({n 22 cases out of 38). The dependence of this effect on the initial functional condition of the cen- 


tal nervous system and the dose of narcotic introduced was studied, 
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THE REFLEX EFFECT OF CARDIOVASCULAR DRUGS ARISING FROM THE 
VENOUS RECEPTORS OF THE FROG 


P. F. Konovaloyv 


From the Department of Physiology (Head— Prof. G. N. Sorokhtin) of the Khabarovsk Medical Institute 
(Received June 26, 1957. Submitted by Active Member of the AMN SSSR V. N. Chernfgovskil) 


The sensitivity of receptors in the veins to various chemical stimulants has been shown in many investiga- 
tions [3, 4, 6, 10, 11, 12, 13, 15). V. A. Fedorova [14] observed a hypertensive effect on injecting camphor {nto 
a humorally isolated portion of vein in cats and dogs. F. Ia. Bernshtein and 1. A. Edel ‘shtein [2] observed the same 
effect on injecting adrenalin into the humorally isolated veins of dogs. 

In earlier work [8] we were unable to find a specific cardiovascular action of adrenalin, caffein, strophanthin 
and ephedrine in injection of these drugs into humorally isolated veins of cats and rabbits; in most of the experi- 
ments they caused reflex slowing of the cardiac rhythm and a slight reduction in the arterial pressure. 


In the present work we have attempted to compare the action of cardiovascular drugs on reflexes from 
tissue, venous and other vascular receptors of the hind limbs of the frog. 


EXPERIMENTAL METHOD 


The experiments were performed on spring and autumn frogs Rana chensinensfs, Reflexes arising from the 
venous receptors of the frog were studied by means of perfusion of a humorally isolated portion of the femoral 
vein. With the frog fixed dorsum upwards, the sciatic artery and femoral vein were ligated in the region of the 
hip joint, after which all the tissues of the thigh were divided below the ligature with the exception of the anterior 
deep branch of the sclatic nerve, going to the femoral vein. Next the trunk was covered with a cloth in which a 
cut had been made; through this the nerve was brought out. In the femoral vein of the fsolated limb, in the re- 
gion of the knee joint, was inserted a glass cannula which was connected to a vessel placed 15-20 cm above the 
vein. Oxygenated physiological or test solutions were introduced into the vein through the cannula, escaping from 


it at the place where it had been divided. ° 


The effects of solutions of caffeine (1 ; 500), strophanthin (1 ; 1,000,000), adrenalin (1 : 2,000,000) and nitro- 
glycerin (1 ; 2,000,000) were investigated. In each experiment the action of the particular drug was tested several 
times. Electrocardiographic records were made, and respiration was recorded (by the movement of the oral diaphragm). 


In order to study the reflex effect of these cardiovascular drugs in the concentrations given from receptors 
in the whoie limb, we pefused the hind limb through the sclatic artery. Humoral {solation of the limb was effected 
just as in isolation of the vein, All the nerves entering the limb except the anterior deep branch of the sciatic 
nerve were preserved. The supplying cannula was introduced into the sciatic artery. The upper level of the solu- 
tions was kept 30-40 cm above the perfused limb, roughly corresponding to the arterial pressure in the sciatic ar- 


tery of the frog, from 18 to 57 mm of mercury [7]. 


EXPERIMENTAL RESULTS 


‘In preforming 30 tests of these drugs on 11 frogs, we did not find any marked reflex changes in the electro- 
cardiogram. Thus in our experlments, just as in those of I. N. Davydov [5] on stimulation of the chemoreceptors 
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of the hind limbs of the frog, these cardiovascular drugs were not found to have any specific effect on reflexes 
from the venous receptors which influence the activity of the heart. The only reaction which appeared took the 
form of changes in respiration and of general movements, The results of the 32 experiments fn this series are shown 
in Table 1. Caffeine and strophanthin as a rule produced depression of breathing in the frog, or a motor reaction, 

In only 4 out of 36 tests was no effect observed. Adrenalin and nitroglycerin produced reflex reactions from the 
receptors in the vein in only 50 % of cases. It was thus proved that stimulation of the receptors of the vein by 

these drugs might have a reflex influence on respiration. Depression of respiration ts the typical reaction of the 
frog to stimulation of the receptors in the veins by drugs having an action on the cardiovascular system (Fig. 1, 

a). In subsequent experiments we studied the reflex action of the same drugs by perfusion of the intact limb of 

the frog. 


TABLE 1 


Reflex Change in the Respfration of the Frog Due to the Action of Cardiovascular 
Drugs on the Venous Receptors of the Hind Limb 


Motor 
reaction 


Drug under test Total 


Strophantin ....... 
Adrenalin ........ 
Nitroglycerin...... 


TABLE 2 


The Reflex Effect of Cardiovascular Drugs Arising from the Receptors of the Hind Limb 
of the Frog on Respiration 


Motor 
reaction 


Stimulation | Depression 
of respira- | of respira- 
tion tion 


Number of tests 


Drug under test 


Caffeine ........ 
Strophantin ....... 
Adrenalin ........ 
Nitroglycerin...... 


A. N. Bakuradze and R. M Meskhrikadze [1] and V. R. Maisaia [9] found obvious stimulation of respiration 
on perfusion of the hind limbs of the frog with solutions of adrenalin,caffeine, strophanthin, cytisine and other 
drugs. 


In order to explain the reflex effect of the cardiovascular drugs from the receptors of the intact limb, we 
carried out 16 experiments, each consisting of 3-5 tests of the drug being investigated (Table 2). 


In this series of experiments we did not observe depression of respiration as we did on perfusing the veins. 
Adrenalin most often (in 11 of 14 tests) produced stimulation of respiration, and a motor reaction only 3 times. 
The effect of the other drugs was roughly the same, 


A typical reaction on perfusion of the intact limb was strengthening of respiration (Fig. 1, b); this most 
often consisted of increase in the rate of respiratory movements, and less often of increase in their amplitude, 


Thus the results of this series of experiments agree with the findings of A, N, Bakuradze and R. M.Meskhri- 
kadze [1] and of V. R. Maisaia [9], although the reactions which we observed differed somewhat in quality. 


Findings 
Stimulation|Depression 
of respira- | of respira- change 
tion tion 
[Number of tess 
37 12 - 21 
36 15 - 17 4 ce 
27 3 12 12 
Findings 
18 1 - 3 
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Adrenalin} 


Fig. 1. Reflex changes in the respiration of the frog on perfusion with a 

1 : 2,000,000 sofution of adrenalin. 

a) Of the bomorally isolated femoral vein and b) of the humorally isolated 
limb. Intezpeetation of the curves (from above downwards); movement of 
respiration, record of stimulation, time marker. 


Fig. 2. Changes in the impulse activity of the venous receptors on perfusion 
of the vein with a 1; 500 solution of caffeine. 

1) Initial activity during passage of Ringer's solution through the vein; 

2, 3) activity after 1-2 minutes perfusion withcaffeinesolution; 4) activity 
2 minutes after rinsing our the caffeinewith Ringer's solution. 
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In order to confirm the reflex character of these reactions which we have described, we carried out 6 expe- 
dinents in which we blocked the receptors with novocain, A preliminary perfusion with a 2 % solution of novo- 
cain for 5 minutes brought about a complete blockade of the receptors, which was shown by absence of reflex re- 
actions on perfusion of the vein and the intact Iimb with the drugs being tested. 


é By means of a cathode oscillograph, we studied the {mpulse activity of the venous receptors, recording the 
biopotentials in the peripheral end of the anterior deep branch of the sciatic nerve. On perfusion of the fsolated 
section of the vein with caffeine solution a considerable increase in the frequency of impulses was observed in 12 
out of 14 tests. In some experiments the impulse activity of the venous receptors was increased between 5 and 10 
times by the action of caffeine(Fig. 2). By the action of the other drugs no clear changes in the impulse activity 
of the venous receptors could be found. 


The technic which we used for preparing the femoral vein excludes the possibility of leakage of perfusion 
substances into the general circulation of the frog. Cardiovascular drugs, acting on the receptors in the femoral 
vein, cause reflex depression of respiration and sometimes a motor reaction but have no effect on the activity of 
the heart. Stimulation by these drugs of the receptors of the intact limb produced reflex stimulation of respiration 
of a motor reaction, 


Thus reflex changes in respiration, opposed in character, may be produced from the receptors of the femoral 
vein and of the intact limb. This conclusion fs in agreement with the view of A. G. Bukhtilarova [3] on the varia- 
tion in the reactions arising from receptors in arteries and veins. 


SUMMARY 


The reflex effect on the heart and respiration of caffeine, strophantin, adrenalin and nitroglycerin was studied 
in conditions of perfusion of the humorally isolated femoral vein or of the whole frog's extremity. The impulse 
activity of the venous receptors was also registered, 


These substances act on the receptors of the {fsolated parts of the vein and depress the resp{ration and cause 
motor reaction by reflex effect. However, they do not change the heart activity. Reflexes which come from re- 
ceptors of the whole extremity stimulate respiration or cause motor reaction. The frequency of the afferent im- 
pulses from receptors of the femoral vein fs increased by 5 to 10 times by the action of caffeine. 
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THE SELECTIVE ACTION OF CERTAIN CHEMICAL STIMULANTS ON REFLEXES 
FROM CHEMORECEPTORS 


COMMUNICATION 7, THE POINT OF ACTION OF STREPTOMYCIN IN THE INTEROCEPTIVE REFLEX ARC 


G. S. Kan 


From the laboratory of experimental pathology and therapy lead — G. S, Kan) of the Leningrad A. Ia. 
Shternberg Institute of Tuberculosis (Director — Prof. A. D. Semenov, Consultant ~ Active Member 
of the AMN SSSR Prof. V. N. Chernigovskif) 


(Received April 23, 1957. Submitted by Active Member of the AMN SSSR V. N. Chernigovskif) 


In previous reports [2, 3, 5, 6, 7, 8] it was shown that streptomycin, injected intramuscularly or intraven- 
ously, or into the subarachnoid space, shows a depressing action on unconditioned reflexes from chemoreceptors. 
This result was obtained in experiments on both narcotized and nonnarcotized animals and from the study of various 
effectors of reflex arcs. 


Different results were obtained from experiments to study the resistance of reflexes arising from stimulation 
of mechanoreceptors and peripheral nerves to streptomycin, mainly afferent pathways from exteroceptors in the 
skin. In some experiments these reflexes were quite unchanged, in others they were increased, and in only a small 
number of experiments were they diminished, and then less so than in parallel experiments performed on the chemo- 
receptors. 


In view of these findings it was necessary to determine the point of action of streptomycin in the interoceptive 
reflex arc. 


Some idea of this might be gathered from certain observations made in the previous reports, In vew of the 
fact that in the majority of parallel experiments on the effect of streptomycin on reflexes from chemoreceptors and 
reflexes from mechanoreceptors, the latter were not depressed, it may be thought that the efferent part of the re- 
flex arc was not exposed to the depressing action of streptomycin. For a final solution of this problem special ex- 
periments were carried out. 


EXPERIMENTAL METHOD AND RESULTS 


Usually we judge the effect of streptomycin on the interoceptive reflexes by changes in the magnitude of 
the vasomotor reactions. These reactions are known to be effected through the sympathetic and parasympathetic 
division of the autonomic nervous system and also by means of the secretion of adrenalin by the adrenal glands. 
For this reason, in the first series of experiments on 8 cats we studied the effect of streptomycin on the sympathetic 
division of the autonomic nervous system. 


According to the investigations of G. V. Anrep [1], stimulation of the perfpheral section of the celiac nerve 
by an electric current leads to a biphasic rise in the blood pressure. The first phase proceeds rapidly and is the 
result of direct contraction of the vessels in the region innervated by the celiac nerve; the second phase, produc- 
ing a smaller and slower increase in pressure, depends on the secretion of adrenalin from the adrenal glands into 
the blood stream. Thus on this experimental model it {s possible to determine the effect of the test substance on 
both the nervous and humoral routes of transmission of the stimulus from the sympathetic nerve to the vascular 
system. 
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In an acute experiment using urethane narcosis, the peripheral section of the celiac nerve was stimulated 
with an electric current from an induction coil before and at various times after the intramuscular injection of 
streptomycin (100,000~300,000 units), As a record of the effect we measured the blood pressure in the common 
carotid artery, which was registered, 


Fig. 1. The Influence of streptomycin on the effect of 
stimulation of the peripheral section of the celiac nerve, 
A) Normal basis; B, C, D) the effect of stimulation of 

the celiac nerve at different intervals after injection of . 
streptomycin (given in 15 hours 18 minutes in a dose of 
250,000 units). Interpretation of the curves (from above 
downwards); respiration, blood pressure, time record 

(5 seconds), record of stimulation. 

Experiment No, 22 dated September 5, 1953. Cat weighing 
3.9 kg. 


The reaction developing in response to stimulaticn of the nerve varied in its character. In some observa- 
tions, immediately after the beginning of stimulation of the celiac nerve the arteriai pressure gradually rose, then 
fell slightly and remained at a high level for a considerable time (evidently as a result of the reaction of the 
adrenal glands, secreting adrenalin), In these experiments streptomycin did not change the magnitude of the vaso- 
motor reaction (Fig. 1). In another group of experiments in response to stimulation of the celiac nerve there 
arose a monophasic increase in the level of the arterial blood pressure, which was much briefer than in the pre- 
vious experiments. In these cases also injection of streptomycin had practically no effect on the character and 
magnitude of the blood pressure reaction to stimulation of the celiac nerve. 


Thus the results of the experiments showed that streptomycin has no action on the sympathetic division of 
the nervous system. 


In the second series of experiments on 11 cats we studied the action of streptomycin on the parasympathetic 
division of the autonomic nervous system. The subject of the experiments was the heart. 


The experiments were performed under urethane narcosis. Both vagus nerves were divided and the peripheral 
section of one of them was stimulated by ar. electric current from an induction coil before and at various intervals 
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after the intramuscular injection of streptomycin (150,000-250,000 units). The effect was judged by the blood 
pressure recorded in the common carotid artery. In ordinary conditions in response to a short (5-10 seconds) sti- 
mulation of the peripheral end of the vagus nerve there arose a considerable and rapidly developing reduction in 
. the arterial pressure, accompanied by a marked slowing of the tachycardia (vagus pulse). 


In 7 experiments the reaction of the heart to stimulation of the vagus nerve under the influence of strepto- 
mycin was unchanged or else showed an extremely slight reduction, not more than by 12-18 %, which hardly ex- 
ceeded the limits of varlation of this reaction as observed in control experiments. 


In the remaining 4 experiments under the influence of streptomycin a partial blockade could be observed fp 
the transmission of the stimulus from the vagus nerve to the heart. The size of the reaction of the arterial pressure 
in these experiments was reduced by 32-40 %, It is very probable that this effect is due to the presence of some 
affinity of the antibiotic to the parasympathetic division of the nervous system, although not often apparent. Ana- 
lysis of the results of these observations, in comparison with those obtained earlier, suggests that the blocking ac- 
tion of the antibiotic on reflexes from chemoreceptors is concerned least of all with its influence on the efferent 
part of the reflex arc. We are left with the assumption that it depends on the action of streptomycin on the afferent 
part of this arc. 

Direct action of streptomycin or the receptors is excluded by the conditions of the experiment, (perfusion of 
the organ). The possibility is also excluded of the influence of streptomycin on the peripheral conductors of the 
impulses from the tissue receptors to the central nervous system, since in a third, special series of experiments, 
also performed on cats, it was proved that the antibiotic blocks the conduction of impulses along the nerve only 
in unusually high concentration (20,000 units/ ml and above), which does not occur in these animals. 
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Fig. 2. The influence of streptomycin on reflexes from the chemoreceptors of the 

pericardium in the decerebrate cat. : 

a,b, c) Initial reflexes; d) injection of streptomycin (1000 units); e, g) depression ‘ 
of reflexes from chemoreceptors after injection of streptomycin; f) reflex from | 
mechanoreceptors (in contrast to the reflexes from the chemoreceptors this is un- 

changed). Interpretation of the curves as in Fig. 1. Experiment No. 437 dated 

September 23, 1955. Cat weighing 3.5 kg. 


_ Consequently, from our observations the selective depressive action on reflexes from chemoreceptors is con- 
nected with the action of streptomycin on the central section of the afferent part of the interoceptive reflex arc. 
In an attempt to localize this section, in the first place we excluded the cortical end of the internal analysor 
since the majority of the experiments were conducted on animals under narcosis. 


Previously published experiments [2] showed that section of the brain at the level of the corpora quadragemina 
does not affect this described depressive action of streptomycin. This suggests that the point of action of strepto- 
mycin fs situated either in the pons and medulla or in the spinal cord. The results of the fourth series of experiments 
made it possible to define precisely the scction of the central nervous system. 

Experiments were performed on cats, whose brains were sectioned under ether narcosis at a level between the 
anterior and posterior corpora quadragemina. Using the method described earlier reflexes were produced from the 
pericardium of these animals, from the chemoreceptors (to nicotine) and from the mechanoreceptors (to the rapid 
introduction of warm physiological saline {ntothe pericardial cavity). To judge the effect we recorded the blood 
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pressure and respiration (of 19 animals undergoing this form of operation, 6 survived). Streptomycin was injected 
intravenously in a dose of 90,000-100,000 units. 


In 4 experiments the influence of streptomycin was studied on the reflex produced by nicotine {n a dilution 
of 1° 10, In three of these, under the action of the antibiotic the reflex completely disappeared, while in one 
experiment it was diminished by 75 %, The reflex to nicotine in a dilution of 1 - 10°* was completely suppressed 
in two out of 4 experiments, in the third it was reduced by 85 % and in the fourth, by 63 & 


In contrast to the experiments on intact animals, in this series of experiments the reflexes from the mecha- 
noreceptors were diminished in 5 out of 6 experiments under the influence of streptomycin, in two by 20 %, in 
two more by 30-33 % and in one by 50 %; in only one experiment were these reflexes unchanged. However in 
experiments on decerebrated animals also it was clearly shown that the resistance of the reflexes from the chemo- 
receptors of the pericardium to the action of streptomycin was incomparably smaller than the resistance of the re- 
flexes from the mechanoreceptors of the pericardium (Fig. 2). 


The experiments described above exclude the possible action of the antibiotic on the region of the spinal 
cord since the afferent conducting pathways from the pericardium for the most part pass through the spinal cord 
directly into the medulla [4, 9, 10, 11}. 


The following observations, made previously (5, 6, 7, 8] lead us to the same conclusion; the antibiotic(in 
experiments on narcotized animals) suppresses equally the reflexes from the chemoreceptors of the kidneys, spleen, 
intestine and hind limbs, the afferent pathways from which lead through the spinal cord, and the reflexes from the 
chemoreceptors of the pericardium, the lesser ciruclation and the carotid sinus, the afferent pathways from which 
for the most part pass directly to the medulla, passing through the spinal cord, 


Fig. 3. The influence of exclusion by streptomycin of the 
chemoreceptors of the spleen on the excitability of the 
chemoreceptors of the small intestine. 

a) Initial reflex from the chemoreceptors of the spleen; 
b) total suppression of excitability of the chemoreceptors 
of the spleen resulting from perfusion with a solution con- 
taining streptomycin (1000 units/ min); c) initial reflex 
from the chemoreceptors of the small intestine; d) reflex 
from the chemoreceptors of the intestine at the moment of 
suppression of the chemoreceptors of the spleen (not dimi- 
nished in size). Interpretation of the curves as in Fig. 1 
and 2, Experiment No, 241 dated November 25th, 1954. 
Cat weighing 2.9 kg. 


It therefore follows from our experiments that streptomycin, injected parenterally, depresses reflexes from 
chemoreceptors by means of a blockading action in the bulbar intermediate centers of the conducting part of the 
internal chemical analysor. More accurate dete:mination of the point of action of streptomycin in the interocep- 
tive reflex arc was found to be impossible by experimental methods available to us. 


In connection with the conclusions which we reached, the question arose of the nature of the influence shown 
by streptomycin on the above mentioned section of the interoceptive reflex arc. This could be a side effect, brought 
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about by the depressive action of the drug on the tissuc receptors with which the antibiotic came {nto contact dur- 
ing parenteral injection {nto the antmal (carller the posstbility of streptomycin lowering the excitability of the 
chemoreceptors by direct contact with the drug was shown — 3, 5, 6). However, against this view was first of all 
the fact that in experiments to study the influence of streptomycin (by parenteral injection) on :eflexcs from chemo 
receptors of the same or other “test organs" conditions could not possibly arise for an essential lowering of the ex- 
eftability of all the chemoreceptors of the {nternal environment of the animal (with the doses of streptomycin used 
the maximum concentration of antibiotic in the blood did not exceed 50-150 units/ ml, and for depression of chemo- 
receptors by direct action of the drug on them a concentration of 400-1666 unlts/ ml fs required). 


In order to check this possible side action of streptomycin we performed a fifth serles of experiments on 19 
cats in which we simultaneously perfused (by the usual method) two reflexogenic zones (the intestine and spleen), 
All forms of receptor in one of these zones were excluded (by novocain) or else only the chemoreceptors (by direct 
action of streptomycin on them), and we watched to see whether this resulted in any inhibition of reflexes from 
the chemoreceptors of the other reflexogenic zone, not subjected to the action of streptomycin. If exclusion of 
the receptors of one of the perfused organs did in fact cause reflex inhibition of the central elements of the internal 
chemical analysor, then the blood pressure and respiration reactions in response to stimulation of the second reflexo- 
genic zone would be considerably reduced, but this did not occur in the majority of our experiments (Fig. 3). Nor 
was the threshold of excitation of the chemoreceptors of the second organ altered, not subjected to the action of 
the antibiotic; only in a very small number of experiments (less than one third) was there any reduction in the 
magnitude of the reflexes from the chemoreceptors of the second reflexogenic zone. 

Finally, experiments in which minimal doses of the antibiotic were injected suboccipitally, published earlier 
by us (8), excluding the factor which we have discussed, enabled us finally to discount the idea of a side action cf 
streptomycin on reflexes from chemoreceptors. 


Consequently, an experimental analysis of the mechanism of depression by streptomycin of the reflexes from 
the chemoreceptors had enabled us to prove that on parenteral injection, the drug shows a direct blockading effect 
onthe bulbar intermediate center of the conducting section of the internal chemical analysor. 


SUMMARY 


It was established in acute experiments on cats that streptomycin has practically no sympatholytic adrenolytic 
or parasympatholytic effect in doses which depress the reflexes from chemoceptors. It was, likewise demonstrated 
that streptomycin disturbs the transmission of the impulse by the nerve only in high concentration, If chemoceptors 
of one zone are excluded by streptomycin (in its direct contact with receptors of this zone), excitability of chemo- 
ceptors of the other zone, as a mile, remain normal. Finally, it was shown that in parenteral administration strepto- 
mycin depresses the reflexes from the chemoceptors of the pericardium in brain section at the level of corpora qua- 
drigemina. These observations, together with the data which were published in previous reports and evidence ob- 
tained from literature on the paths of transmission from the receptors of various reflexogenic zones of internal organs 
permit the following conclusion— the places of application of depressing effect of streptomycin in chemoceptor 
reflex arc are the bulbar intermediate centers of the transmissive portion of the interoceptive chemical analysor. 
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MICROBIOLOGY AND IMMUNITY 


GROWTH AND DEVELOPMENT OF BACTERIA IN CONNECTION WITH 
THE PHENOMENON OF BACTERIOPHAGIA 


COMMUNICATION 3. MICROBIAL SYMBIOSIS AS A FACTOR INDUCING PHAGE-PRODUCTION 
IN BACTERIA 


A. P. Pekhov 


From the Department of Immunobiology (Head — Active Member AMN SSSR Prof. N. N. Zhukov-Verezhnikov) 
of the Institute of Experimental Biology (Director — Prof. 1. N. Maiskii), AMN SSSR, Moscow 


(Received August 13, 1957. Presented by Active Member AMN SSSR N. N. Zhukov-Verezhnikov) 


The phenomenon of so-called spontaneous bacteriophagia is of great importance for the solution of a num- 


: _ ber of questions of bacteriophage theory [1). 

In 1950 A. Lwoff, L. Siminovitch and N. Kjeldgaard[6] showed that the action of small doses of ultraviolet 
radiationona microbial population could induce the production of free phage particles in cultures of certain lyso- 
genic suains. This effect, called induction, has been intensively studied in recent years by many authors, So far 
it has been shown that various physical and chemical agents besides ultraviolet rays possess inducing properties: 
these include x- andy -rays, thiomalic and ascorbic acids, tertio-butyl peroxide, ethylene{mine, nitrogen mustards, 


sulfathiazole [4, 5,7]. 

As we know, these agents are mutagenic or carcinogenic factors, usually absent in natural conditions of life 
of the microorganisms, Inducing factors of a biological nature have not been Cesestbed in the literature and the 
establishment of such factors ts of undoubted interest at present, 

While carrying out a life study of {solated cells of sarcina and the colon bacillus (the symbiotic relations 


of which have been revealed by Zeitraffer filming (2]), growing in a Joint culture on solid nutrient media, we 
found that in several cases the colon bacillus cells were lysed in the presence of sarcina packets, The nature of 


the lysis in this case did not differ from a bacteriophage lysis of these bacteria, studied at the same time. 


Oa the basis of this observation we set up experiments for {solating phage from laboratory cultures of colon 
bacilli, by cultivating them jointly with the selected sarcina-symbiont to induce phage -production. 


EXPERIMENTAL METHODS 


Flasks containing 25 ml of meat-peptone bouillon were inoculated with 1 ml of a two-billionth suspension 
of day-old agar culture of Bact. coli aerogenes 1321 and with the same quantity of an agar culture of a strain of 
yellow sarcina 30, After several hours cultivation at 36° the contents of the flasks were centrifuged at 2500-3000 

rpm for 45-50 minutes. Free phage particles in the supermate were demonstrated by inoculating it on a dish with 
indicator strains Bact. coli aerogenes 1321 and 1322 by the agar layer method[3], Asa control we used the super- 


natant liquid from cultures of colon bacilli without sarcina. 


EXPERIMENTAL RESULTS 


In the majority of our experiments we obtained positive results. Usually the plates showed a small number 
of negative colonies, appearing as small turbid spots of 1 mm diameter. The typical distribution of the spots on 
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the agar surface was either random, or had the form shown in Fig. 1, The control experiments gave negative re- 


sults. 


After 1-2 passages on the plates the phage particles 
were separated from the bacteria by filtration of the phage- 
lysates through asbestos plates SF or membrane filters No.2. 
The five phage strains fsolated in this way were arbitrarily 
designated S 1/ 1321, S 1/ 1322, $ 2/ 1321, S 2/1322 and 
$ 3/1321. In comparison with a reference phage strain 1321 
lysing Bact. coli aerogenes 1321, the following properties 
were studied in these 5 phages; 1) titer on indicator strain, 
2) morphology of spots (colonies) on agar, 3) serological 
affinity and 4) range of action, 


While the titer of phage 1321 was 10~*, for $ 1/ 1322 
it was 10°’, for 2/1322 and $ 3/1321 — and for 
$ 1/ 1321 and 2/1321 — the phages on the 
agar with the indicator strain gave round clear spots of dia- 
meter 1,5-2.5 mm with a turbid zone 0.5-1.5 mm. Photo- 
' gtaphs of colonies of some of them are shown on Fig. 1, 
Fig. 1. Sterile spots on indicator plate after 2 and 3. For revealing the serological affinity of the phages 
adding centrifugate of mixed culture of we used antiserum obtained by immunizing rabbits with 
colon bacilli and sarcina. the reference phage 1321. 


Fig. 3. Sterile spots on indicator plate 


Fig. 2. Sterile spotson indicator plate 
after adding phage -filuate S$ 3/ 1321. 


after adding phage-filuate S 2/ 1322. 
We found the value K for the antiserum (i.e. the rate constant of the reaction between phage and antibody, 
which depends on phage concentration and its activity); K of antiserum ia testing with different phages is consi- 
dered as an index of their degree of affinity [3]. 
For serum anti-1321 with respect to phage 1321 the constant was equal to 10, with respect to S$ 1/ 1321 ard 
S 1/ 1322 — 15, to S$ 2/1321 — 20, t0 $2/ 1322-7, and to 3/1321— 14.5. The absence of difference in the 
values of K shows that all 6 phages possess serological similarity. 


In experiments to reveal the range of action of the phages we used strains of cultures of Bact. coli aerogenes 
1321 and 1322, Bact. coli 675, 1094, 844 and K = 12, It was fourd that both the reference and isolated strains of 


phage lysed only strains 1321 and 1322, 

Thus, by using the phenomenon of microbial symbiosis, we were able to induce phage-production in the 
colon bacillus 1321 by means of sarcina. The phage strains isolated by this method were indistinguishable from 
one another in several properties, and from the reference phage strains which lyse this species of bacteria. 


The results of these experiments open up new prospects for further research on the origin of phages. The re- 
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sults obtained may be considered as part of the evidence for the hypothesls we have put forward, that one of the 
factors causing bacteria to produce phage {n nature fs the symbiosis of microorganisms, 
SUMMARY 

A method was developed of inducing phage-production of Bact, coll aerogenes 1321 with the ald of sarcina 

symbionts, The phages which were isolated have certain properties in common, 
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THE EFFECT OF POLYMERISM ON THE ANTIGENIC PROPERTIES OF 
PREPARATIONS OF DESOXYRIBONUCLEIC ACID 
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As reported earlfer [2], preparations of highly polymerized desoxyribonuclefc acid (DNA) are antigens, f.e. 
fn the immunization of animals they cause the formation of antibodies reacting specifically in the complement 
fixation test (CFT) with DNA. The aim of the present work was to clarify the question of the effect of polymerism 


on the antigenic properties of DNA preparations, 


EXPERIMENTAL METHODS 


DNA preparations were fsolated from calf thymus and cow liver. Immediately after slaughtering the animal 
these organs were frozen with dry ice and the desoxyribonucleoprotein (DNP) isolated from them by the method of 
Mirsky and Pollister [4]. The nucleoprotein was extracted with 1 M NaCl and after centrifuging was precipitated 
by the addition of 6 volumes of distilled water to a final concentration of 0.14 M NaCl, The obtained fibers were 
dissolved in 1 M NaCl and the operation repeated 3-4 times. For obtaining pure DNA, free of protein, the DNP 
solution was treated with a 4 ; 1 chloroform-butyl alcohol mixture [5]. The operation was repeated 18 to 34 times 
— till there was no qualitative reaction for protein (biuret reaction and trichloroacetic acid reaction), The clear 
DNA solution was precipitated with two volumes of 96 % ethyl alcohol and the profuse white fibers which settled | 
out were dissolved in physiological saline. All the operations were carried out at a temperature +2 to +4°. 


Phosphorus in the obtained preparations was determined by the Fiske-Subarrow method, nitrogen — by Con- 
way’s method. The molecular weight was calculated from the viscosity [1] which was measured in 0.2 M NaCl in 
an Ostwald viscometer. 
The preparations had a high molecular weight— from 2,200,000 to 7,800,000, As already reported, such DNA 
preparations have antigenic properties. 

Despite the fact that the DNA preparations after thorough and prolonged purification from protein gave negative 
results in the qualitative tests for protein, we are not justified in stating that the obtained ie rang were devoid 
of protein, since these tests are not sensitive enough. 

In order to clear up the question of the effect of protein impurity on the antigenic properties of the DNA pre- 
paration we immunized rabbits with DNA preparations of varied degree of purification from protein, For immuni- 
zation we used the following preparations: preparation No. 1(N/P = 3.1), No. 2(N/P= 2.0) and No. 3 (N/P = 1.66). 


The most protein-free preparation No. 3 had a molecular weight 5,000,000, 


These preparations were injected intravenously into the rabbits 3 days in succession, Each rabbit received 9 
to 10 mg of DNA in one injection, This dose was repeated in the following two weeks. 7-8 days after the last im- 
munization the rabbits were starved for 4 hours, then blood was taken from them and sera prepared, In the 2-3 days 
previous to immunization we had taken blood from these rabbits and prepared sera eel were employed as con- 
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Normal serum 


NA before treatment 


with case 


Antisera against D 


Antisera against DNA treated 
with DNA-ase 


Test-antigen 


DNA treated with DNA- 
ase 3 preparation No, 1 


H 
H 
H 
H 


No, 2 


DNA before treatment with 


NOTE, Controls of antigens, antisera and normal serum gave hemolysis, 


No, 


DNA-ases preparation No 


The sera obtained were analyzed in the Bordet- 
Gengou complement fixation test with DNA. 


The results of the experiments are given on 
Table 1. 


It can be seen from Table 1 that preparations 
No, 2 and 3 as test-antigens react with antiserum 
against high-protein DNA (N/P = 3.1) in dilution 
1: 20 with+, and with antiserum against low-protein 
DNA (N/P = 2.0)in dilution 1 : 20 with ++ and+, 
while with antiserum against purified DNA (N/P = 
= 1.66) in dilution 1 ; 80 they react with ++ and+. 


Thus, the antigenic properties of DNA prepara- 
tions do not diminish on their being freed from pro- 
tein but, on the contrary, increase. 


Next we investigated the effect of depolymertza- 
tion of DNA on the antigenic properties of the DNA 
preparations. 


For this purpose we used DNA preparations de- 
polymerized in the extraction process. In all we used 
5 preparations which were either not re-precipitated 
with alcohol or in their re-precipitation produced 
small fibers which did not give viscous solutions on 
dilution with physfological saline. 


We give the results of chemical analysis of the 
DNA preparations 


Preparation N P 
mg/ml mg/ml N/P 


No. 1(fromthymus)...... 0.05 0.03 1.67 
No, 2(fromthymus)...... 0.166 0.1 1.66 
No. 3 (fromthymus)...... 0.135 0.08 1.69 
No, 4 (from liver). ...... 0.103 0.06 1.72 
No. 5 (from liver) ....... 0.198 0.12 1.65 


Qualitiative tests for protein were negative. 


Immunization of rabbits with these preparations 
was done in the manner described above. Each rabbit 
received 90 to 100 mg of DNA. The antisera obtained 
were assayed in the CFT. As antigens we used a poly- 
merized DNA preparation of molecular weight 6,000,000 
and the depolymerized DNA preparations. 


The results of the experiments are given in 
Table 2. 


It can be seen from Table 2 that antiserum 
against depolymerized DNA neither reacts with poly- 
merized, nor with depolymerized DNA. These re- 
sults were obtained with 8 antisera against thymus 
DNA preparations and with 6 antisera against liver 
DNA preparations. 
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Thus, as a result of depolymerization the DNA preparations lose thelr antigenic properties, We may assume 
then that the antigenic propertics of DNA preparations depend primartly on the polymeric state of the DNA Itself, 
For a further clarification of this question we carricd out immunization of rabbits with preparations of DNA treated 


with DNA -ase, 
The DNA-ase was fsolated according to N, McCarty [3] and purified from protease impurittes, the activity 
of which was tested by the cleavage of 2 % hemoglobin at 37° in 24 hours, measured by a determination of tyro- 
sine. The DNA preparations were subjected to DNA-ase for 1 hour at temperature 37° and pH = 6.27. 


The action of the enzyme was estimated from the decrease in viscosity of the DNA solutions. 


Preparation Before treatment Viscosity After treatment 
with DNA-ase with DNA-ase 


No.1 50 10 
No. 2 40 
The enzyme-treated preparations were used for immunization of rabbits in the way described above. Each 


rabbit received 90 to 100 mg of DNA preparation. As control we carried out immunization with the same DNA 
preparations, not treated with the enzyme. The obtained antisera were assayed in the CFT. 


The results are given in Table 3. 

It can be scen from Table 3 that antisera against DNA preparations treated with DNA-ase do not contain 
antibodies to DNA, while antisera against polymerized DNA do contain such antibodies, These results were ob- 
tained with 6 antisera against 2 depolymerized DNA preparations, 

50 days after the last immunization with depolymerized DNA blood was again taken from the animals and 
the antisera obtained were analyzed for content of antibodies to DNA. Since the antisera did not contain anti- 


bodies to DNA, we re-immunized the animals with highly polymerized DNA preparations in the same way as for 
the immunization with depolymerized DNA. Each rabbit received 90-100 mg of DNA, As a result of immunization 


with the polymerized DNA, antibodies to DNA formed in the blood of the animals. 


On the basis of these results we may assume that the antigenic properties of DNA preparations are determined 
by the state of polymerization, since preparations depolymerized in extraction or depolymerized by DNA -ase lose 


their antigenic properties. 


SUMMARY 


Preparations of highly polymeric DNA are antigens, {.e. in immunization of rabbits they induce antibody 
formation, which specifically fixate the complement with homologous DNA preparations. The antigenic properties 
of DNA preparations are evidently determined by the polymeric condition of DNA and not by their protein ad- 

mixtures. DNA preparations lose their antigenic properties in depolymerization, 
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Research on the antigenic properties of nervous tissue was initially carried out in a plan of investigations 
on cytotoxins. The works of L 1 Mechnikov [4], Pirone (6}, V. K. Khoroshko [7], and S. Mikhailova were mainly 
devoted to a study of the organ- and species-specificity of brain antigens and the clarification of problems of 
specificity of the anti-brain sera obtained. Delesenn [9] was the first to study the antigenic structure of the nervous 
tissue {tself. By immunizing ducks separately with cerebrum and spinal cord, cerebellum and medulla oblongata 
of a dog, he obtained corresponding immune sera, but could not detect any difference between them in their action 
on dogs. Later, Schmidt [8} succeeded in obtaining specific serum against the sciatic nerve of frogs. 


Witebsky and Bherens [11] differentiated serologically the fore and hind lobes of the hypophysis and recorded 
some difference between the antigens of the cerebrum and spinal cord. 

Reichner and Witebsky [10] gave some information on the difference between the antigens of white and grey 
matter. Yet they did not succeed in differentiating the antigens of the cerebrum, cerebellum, medulla oblongata 
and spinal cord. 

A. F. Makarchenko [3] could not distinguish serologically the antigens of white and grey matter of the cere- 
brum, subcortical nodes and sympathetic ganglia of the dog. 

Thus, information on the antigenic structure of the central nervous system {s sparse and contradictory. In 
the meantime, a precise knowledge of the antigenicstructure of nervous tissue is necessary in the immunological 
study of tumors of the central nervous system, particularly in the investigation of specific antigens of brain tumors 
by the method of anaphylaxis with desensitization. In this method guinea pigs sensitized with tumor material are 
injected with normal tissue antigens in order to desensitize them towards tissue proteins, Since the tumors under 
investigation may be derived from different parts of the brain matter, it is very important to ensure that the nor- 
mal brain tissue used for desensitization is adequate, fully comssponding in antigenic composition to the tumor 
under investigation. 

The aim of this work was to reveal the nature of the antigenic ay of different parts of the nervous 
tissue in man. 


METHODS OF INVESTIGATION 


For this work we used the method of anaphylaxis with desensitization, introduced by L. A. Zil ‘ber [1] for 
the detection of specific rumor antigens and which has been effectively used for the immunological study of tissues 
and organs (2, 12}. We examined protein fractions of different parts of the cerebrum, cerebellum and spinal cord, 
The specimens were prepared from the brains of persons who had died in street accidents or from other chance 
causes. 
The particular parts of the brain were purified from membrane, washed with physlologtical saline, treated 


with antibiotics (penicillin and streptomycin) for several hours, washed again with sterile phystological saline, and 

minced; the proteins were extracted with an alkaline medium and then precipitated with acid by the method 

used {n the laboratory of L. A. Zil’ber. The protein preparations obtained were tested for sterility (inoculation in 

_ bouillon and on agar) and toxicity (intravenous injection {nto guinea pigs). For the experiments we used only 
sterile and non-toxic preparations. We determined the protein content in 1 ml in each preparation by the micro- 


Kjeldahl method. 

The tested protein antigens were studied {n cross reactions of anaphylaxis with desensitization. We investi- 
gated protein fractions prepared from whole cerebrum, cerebellum and spinal cord, as well as from cortical grey 
matter of the cerebral hemispheres, white matter from the semi-oval center of the cerebral hemispheres, cortical 
grey matter from the frontal, temporal and occipital lobes, and from the pia mater. 


The essence of the experiments was the following. Guinea pigs were sensitized with a subcutaneous Injec- 
tion of antigen isolated from any one of the two portions of nervous tissue being compared. Desensitization was 
begun after 30-40 days. The second of the antigens being compared was injected intravenously into the guinea 
pigs, and the result was invariably anaphylactic shock. After 2 hours the animals again received the same antigen 
to test for the completeness of desensitization. If this again produced signs of shock, the injection was repeated, 
When a state of complete desensitization to the injected preparation ensued as a result of the repeated injections, 
a shocking dose of the first antigen was injected. The absence of response in the guinea pigs indicated that the 
state of increased sensitivity to the first antigen had been completely destroyed by the introduction of the second. 
If the same result was obtained with the reverse arrangement of the experiment, it meant that theantigens com- 
pared were identical. A positive response by the guinea pigs to the shocking dose indicated that the compared 
antigens differed from one another. Antigens used in the same experiment were, as a rule, prepared from tissue 
taken from the same person. The dosage of the preparations was estimated from the number of milligrams of 
protein contained in 1 ml. The shocking dose of protein was always slightly smaller or equal to that used in the 


last desensitization. 
24 experiments of this kind were conducted on 101 guinea pigs. 


In the first group of experiments (9) we compared tissue antigens from whole cerebrum, cerebellum and 
spinal cord. The results are given in Table 1. 


It was found that sensitization of guinea pigs with antigen from the cerebrum produced a state of increased 
sensitivity which could not be removed completely by the introduction of the cerebellum preparation, Of 13 _ 
guinea pigs (in 3 experiments) sensitized with a cerebrum preparation, 11 responded with pronounced anaphylactic 
shock to a shocking dose of the same antigen, after they had been completely desensitized to the cerebellum antigen, 
The reverse arrangement of the experiment gave different results, namely: desensitization with a cerebrum pre- 
paration of guinea pigs sensitized with cerebellum antigen destroyed the increased sensitivity to the latter in 8 
out of 12 guinea pigs. These results may be interpreted to mean that the protein fractions of cerebrum and cerebellum 
are non-equivalent in antigenic relation. Apparently the cerebrum contains protein components which are absent 
from the cerebellum. In other words, the antigenic structure of the cerebrum would seem to be richer than that 


of cerebellum. 
In cross experiments with antigens of cerebellum and spinal cord we were unable to detect any antigenic 
differences between them, 


A shocking dose of cerebellum antigen to guinea pigs sensitized to it did not produce anaphylactic shock in 
them after desensitization with antigen from the spinal cord, and vice versa. Hence, the protein fractions of cere- 
bellum and spinal cord show no antigenic differences. 

In the next group of experiments (15) we compared different parts of the cerebrum — cortical grey matter of 
the frontal, temporal and occipital lobes, cortical grey matter of the cerebral hemispheres and white matter of the 
semi-oval center, grey matter of cortex and subcortex. In one experiment we compared protein fractions of pia 
mater and brain matter (Table 2). 


As Table 2 shows, this group of experiments clearly revealed the difference between the grey and white 
matter of the cerebral hemispheres. Desensitization with grey matter antigen of guinea pigs sensitized with protein 
fractions of white matter did not remove the state of increased sensitivity to the latter, The reverse held true, 

: Of 22 guinea pigs sensitized with white matter antigen in 4 experiments, 21 showed anaphylactic shock following 
a shocking dose of the same preparation, after they had been completely desensitized the grey matter antigen, 
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In the reverse arrangement (S experiments) 18 guinca pigs out of 22 gave a positive reaction, 


It should be noted that the degree of shock In the guinea pigs was considerably different even within the 
same experiment, varying tn individual cases from complete absence to fatal results, which {fs probably due to in- 
dividual differences in the reactive powers of the organisms. This circumstance may also explain the negative re- 
actions in 5 out of the 44 ginea pigs used in these experiments, The difference between the antigenic properties 
of protein fractions of white and grcy mattcr, discovered in these experiments, fs {in good correspondence with the 
results of biochemical investigations, which have revealed the different protein content of grey and white matter. 


A comparison of protein fractions obtained from grey matter of different lobes of the brain did not reveal 
any differences between the frontal lobe, on the one hand, and the temporal and occipital lobes, on the other. The 
injection of temporal lobe antigen into guinea pigs sensitized with a frontal lobe preparation completely removed 
the state of anaphylaxis to the latter, The same result was obtained in a comparison of the frontal and occipital 


lobes. 


The protein fractions of cortical and subcortical grey matter showed no differences. Guinea pigs sensitized 
with cortical antigen of the cerebral hemispheres did not react to a shocking dose of the same peeparation when 
they had been previously desensitized with antigen from the subcortex (pallidum). . 

The pia mater and brain matter, on the other hand, differ markedly in the antigenic properties of their pro- 
tein fractions. Guinea pigs sensitized with piamatral antigenand desensitized with brain matter preserved increased 
sensitivity to the first. Cross reactions were not tested in the last three cases. 


Summing up the results of this work, we may say that in the experiments described we have succeeded in 
revealing the difference between the antigenic properties of protein fractions of nervous tissue of different origin. 
We have found that cerebral tissue possesses a greater set of antigens than cerebellar tissue. Grey and white matzer 
of the cerebrum contain common antigens, as well as antigens peculiar to each. Cerebral tissue is very different 
in antigenic relation from pia mater. These features can be linked with the different histological structure, fun- 
ction and metabolism of these parts of the central nervous system. Metabolic processes of a different nature bring 
about changes in the chemical composition and structure of proteins which are the main carriers of the antigenic 
functions of cells. Research of the immunological peculiarities of cells or tissues, of course, must not be confined 
solely to the study of protein components; it is necessary to consider also the lipoids and polysaccharides, which 
also possess antigenic functions. Yet since our investigations here are only a preliminary stage in the study of spe- 
cific antigens of tumors of the central nervous system, and the latter were first discovered in the protein fractions, 


it was convenient to begin the study of the problem with the protein antigens. 


The inhomogeneity of the antigenic structure of nervous tissue, shown by our results, must be taken into 
account in the study of specific antigens of tumors of the central nervous system by the method of anaphylaxis 


with desensitization. 


As already mentioned, in studying brain tumors of different localization, it is very important to choose for 
desensitization an adequate part of the normal brain tissue. Thus, considering the results of our experiments we 
must not, for the case of a tui.vr localizedinthe cerebrum for example, use for desensitization cerebellar tissue, 
since it is poorer in antigenic relation than cerebral. The opposite case — desensitization with cerebral tissue 
when the tumor is located in the cerebellum — would appear to be quite in order, since in the cerebellum there 
are no antigens which are absent from the cerebrum. In experiments with tumors of piamairal origin cerebral 
tissue should not be taken for desensitization. For intracerebral tumors localized in different lobes of the cerebrum, 
it is possible to use cerebral tissue of any lobe. Since all neuro-cctodermal tumors contain some elements of grey 
and white matter, either white or grey matter may be used for desensitization in these cases. 


SUMMARY 


: Characteristic features of the antigenic structure of different areas of the nerve tissue were studicd by the 
method of reaction of anaphylaxis with desensitization, It was established that grey and white matter of the brain 
have different antigens. There were no differences in the antigens found in various portions of the grey matter. 
The concentration of the antigen in the cerebral hemlspheres is higher than in the cerebellum. There is a pro- 

nounced difference in the antigens of the brain and the pia mater, 
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IMMUNOCHEMICAL STUDY OF COMPLEX ANTIGENS FROM HUMAN TISSUES 


N. M. Mazina 


From the Immunochemistry Laboratory (Head — Prof. V. S. Gostev) of the Institute of Experimental Biology 
(Director — Prof. I. N. Maiskii) AMN SSSR 


(Received July 26, 1957. Presented by Active Member AMN SSSR, N. N. -Zhukov-Verezhnikov) 


Progress in problems of non-infectious immunology — tissue compatibility, cancer immunology, {mmuno- 
logy of embryogenesis etc. —~ requres a thorough research of the immunochemistry of the antigenic composition 
of human tissues. Compared with our knowledgeof bacterial antigens, however, the information on the antigenic 
structure of human tissues fs very sparse. Nevertheless, in a number of works [1, 6-10, 12, 13, 15, 16, 18] it has 
been shown that serologically active polysaccharide complexes can be isolated from various tissues of man and 
animals, 


The aim of the present work was to fsolate from tumor and normal human tissue an antigenically active 
complex similar to that found in gram-negative bacteria and in tissues of animal origin, and to study {ts serolo 
gical and chemical properties. 


METHODS OF INVESTIGATION 


We extracted a complex antigen from human tissues with trichloroacetic acid, according to A. Boivin’ 
method (14). Tissues from normal human stomach and spleen, and also of human stomach cancer, were homoge- 
nized in distilled water in proportions 1 ; 5 and then treated with an equal volume of 0.5 N trichloroacetic acid 
for three hours in a refrigerator. The homogenate was centrifuged, the deposit discarded, and the supemate sub- 
jected to dialysis through cellophane for 24 hours against tap water and for 24 hours against distilled water in the 
cold. The dialyzate was then precipitated in the cold with 5 volumes of alcohol during the night. The deposit 
was separated by centrifugation and dissolved in water. The obtained solution of *complete* antigen was opale- 
scent, gave positive Molisch and Trommer reactions and negative biuret and trichloroacetic acid reactions. 


Fora comparison of serological activity we prepared parallel samples of saline extracts from the same tissues. 
For these the tissue was ground with glass sand and, physiological saline was added in proportions 1; 10. The ex- 
traction was carried out in the cold. The solution was then centrifuged and the centrifugate taken as the saline 


extract. 


In the obtained saline and trichloroacetic extracts of the human tissues,dried by the lyophil method, we 
determined the nitrogen content according to Conway, phosphorus by the Fiske-Subarrow method, and reducing 
substances by the Hagedorn-Jensen method. The percentage proportions of nitrogen, phosphorus and reducing sub- 
stances present in the complex antigens which we investigated were quite close to those found in the chemical 
examination of antigens of pathogenic microbes and higher animals [2, 3, 7-9, 17]. We might just draw attention 
to the lower polysaccharide content of antigens of animal and human origin as compared to microbial antigens. 


RESULTS OF INVESTIGATIONS 


We determined the serological activity of the complex antigens of human organs by the classical comple- 
ment fixation test (CFT), and also by a quantitative 50% titer CFT, developed in the laboratory of M. Heidel- 
berger (19, 20) and somewhat modified by A. P. Konikov [5]. The complete antigens, isolated from normal and 
tumor human tissue, were found to be 10-90 times more serologically active than the saline extracts. 


| 
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TABLE 1 


Percentage Relations of Fractions of Complete Antigen 


low-mole 
cular sub- 
stances 


polysaccha- 
ride 


Object of investigation 


Shiga*s dysentery bacillus 50-55 9-12 17-20 | 14 V. Morgan, S, Partridge [17] 


Paratyphold bacillus 30.04 10.38 12.38 | 45.53 L. L. Dubrovskala, A. N. Bitkova, 
V. S. Gostev [3] 
Typhold bacillus 53.8 6.44 21.14 | 9.1 L. Mekhedov 
Tularemia microbe 36.7-50.2 32.4-37.8] 5-7.7 11.7-18.2 G. K. Shipitsina (11) es 
stomachcancer | 39.7 31.9 6.9 | 18 ‘a 
Human 
normal stomach 50 39.3 10.7 14.3 N. M. Mazina he Hs 
tissues 
normal spleen 49.9 20.7 8.5 14.6 veg 
Guinea pig tissues 39 9 16 36 A, M. Kuzin, I. S. Bufanovskafa, 


A. M, Rykaleva, N. N. Kuz- 
ina (7}. 


For a more thorough research of the serological and chemical properties, the obtained saline and trichloro- 
acetic extracts were fractionated, according to V. Morgan [17], into separate components by a 5-hour hydrolysis 
with 0.1 N acetic acid solutions. As we already know, complex bacterial antigens in these conditions are split up 
into 4 components; protein, specific polysaccharide, pid and residualantigen, We succeeded also in separating 
these components from the hydrolysis products of the ‘complete® antigens and saline extracts of human tissues. By 
extraction of the hydrolyzate with ether the lipid was fsolated; on centrifuging the water phase the protein fraction 
was precipitated; the polysaccharide fraction in the centrifugate was precipitated with alcohol, and the fourth 
fraction — residual antigen — remained in solution in the alcohol after all these processes. Table 1 shows the 
percentage yleld of the fractions of ‘complete* antigens of various origin, according to the works of various authors, 
and also our data, obtained by fractionation of the complete antigen of human tissues. 


TABLE 2 
Chemical Chracterization of Saline Extract, Complete Antigen and Their Polysaccharide Fractions 


Content as percent of absolutely dry antigen (fraction 


Test-antizgens total nitrogen seducing hosphorus 
calculated as glucose 
stomach normal normal stomach normal 
cancer stomach stomach cancer stomach 
13 


Saline extract 10 2.8-3.5 1.4-3 0.45-0.66 | 0.4-0.8 
Complete antigen 3.1-4 2.3-4.3 6.8-12.8 | 5.2-9.6 0.48-0.54 0.71 
from saline extract 4.1 3.6 6-8.5 8.5 0.26 0.23 ae: 
Polysaccha- 
ride fractions from ‘complete* antigen] 3.3 21-26.2 | 24 - 
be, 
The results given in Table 1 show the rather close percentage relations of the individual fractions in com- 
plete antigens of microbial, as well as of animal and human origin, We will just note the higher percentage con- o 
tent of the lipid component in tissues of human origin and in the tularemfa microbe. bai : 
Determinations were made of nitrogen, phosphorus and reducing substances in the polysaccharide fractions. i 
Nee 


Source 
) 
= 


A chemical characterization of the saline extracts, trichloroacetic extracts, and their polysaccharide fractions {fs 


given in Table 2. 

We did not discover any regular relationship between the nitrogen content, reducing substances and cancer 
specificity. Both the saline and trichloroacetic extracts, as well as their polysaccharide fractions, contained approx- 
imately equal amounts of nitrogen, phosphorus and reducing substances, independent of thelr tissue origin, normal 
stomach or stomach cancer, 

We determined the serological activity of the obtained fractions in a 50 % titer CFT. Two fractions were 
found to be serologically active; the ether-soluble(Ilpid) and the alcohol-precipitated (polysaccharide). The 
protein fraction and residual antigen were serologically inactive. The study of the serological activity of the lipid 
fraction will be dealt with {n a special paper. 

Table 3, compiled from several records, compares the serological activity of trichloroacetic and saline ex 
tracts, and their polysaccharide fractions. The figures indicate the amount of antigen in y, specifically fixing 


in the reaction at least one unit of complement. 


TABLE 3 
Comparison of Serological Activity of Complete Antigens and Saline Extracts Isolated 
from Human Tissues, and of Their Hydrolysis Products 


Test-antigens from tissues 


Test-antigens 


protein. ........-- 


Fractions polysaccharide ..... 


low-molecular..... 


~Complete antigen 


protein. 


Fractions polysaccharide ..... 


low-molecular..... 
NOTE: The figures denote the amount of antigen ingammas , fixing at least one unit of complement. 


As Table 3 shows, the polysaccharide fractions and the original ‘complete * antigens have almost equal sero- 
logical activity, except for the spleen polysaccharide, where the serological activity is markedly higher; on the 
other hand, the polysaccharide fractions isolated from saline extracts are considerably more active than the origi- 
nal extracts. While 14 or 15 or 25 y of the original saline extract fixes 1 unit of complement, a much smaller 
amount — 0.05 or 0.09 or 2.6 y — of the polysaccharide fraction does this, {.e. it is 280 or 160 or 10 times more 


serologically active. 

Thus, from cancer and normal human stomach tissue a complex antigen was obtained, which in chemical 
respects is quite similar to the complex antigens isolated by other authors from gram-negative microbes and from 
animal tissues. It should be mentioned that the wichloroacetic extract of the human tissue which we investigated 
has a higher content of the lipid component than the complete antigens of bacteria and animals obtained by other 
authors; the one exception is the tularemia antigen (G. K. Shipitsina [11]). The lipid-richness of the human 
tissues in our investigation can be explained by the fact that, in order to avold excessive damage to the native pro- 
perties of the tissues, we did not subject them to a preliminary defatting. 


The complex antigens which we isolated were found to be more active serologically than saline extracts of 
the same tissues. It is possible that the treatment of the tissue with trichloroacetic acid leads to the precipita- 
tion of proteins which are superfluous as regards serological activity, and to the liberation « serologically active 


groups In the complex antigens, 


{ 
| 
cancer stomach spleen 
, | 14.1 15 25.2 
0.05 0.09 2.6 
0.35 0.138 0.12 
235 


The polysaccharide component of the ‘complete® antigen {s equal in serological activity to the orlginal com- 
plex antigen. Obviously the further diviston docs not result in a concentration of the serological activity in the 
polysaccharide fraction, On the contrary, the fsolation of the polysaccharide fraction from saline extracts leads 
to a considerable increase of serological activity in this fraction, which {s probably also due to {ts iiberation from 
ballast proteins and the exposure of serologically active groups, 


The protein fractions were found to be serologically inactive, which by no means indicates their secondary 
role in the creation of immunological specificity. It is obvious that in obtaining this fraction (hydrolysis, solution 
fn alkali, neutralization with acid, weatment with ether etc.) the proteins were greatly altered; hence they were 
serologically inactive towards serum obtained from animals immunized with unaltered protein, The alcohol- 
soluble fraction — residual antigen — was also serologically inactive, which can be explained by the low-mole- 
cular nature of the substances composing ft. 


Using a 50 % titer CFT we were able in the present work to determine quantitatively the serological acti- 
vity of the original extracts as well as their separate fractions independent of thelr anti-coniplementary properties. 
The increased serological activity of human tissue antigens on fractionation with trichloroacetic acid or on weak 
acid hydrolysis of saline extract is of immunological interest, since it is by extraction with trichloroacetic acid 
(A. Boivin [14]) and acid hydrolysis (N. I. Kovaleva [4]) that active bacterial antigens are prepared. 


I express my deep gratitude to my principal, Prof. V. S. Gostev, for proposing the subject and for his con- 

stant guidance. 
SUMMARY 
| Immunoche mica! properties of trichloroacetic and saline extracts of the human tissues, as well as their “poly- 
saccharide ® fractions, were investigated. The polysaccharide fractions of the total antigen have the same sero- 
logical activity as the original antigen. Polysaccharide fractions of the saline extracts are on the contrary 10 
to 200 times more active than the original extracts. Extraction by trichloroacetic acid andacid hydrolysts of the 
tissues results in concentration of the scrologically active substances. 
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ONCOLOGY 


THE EFFECT PRODUCED BY A SECOND IMPLANTATION OF AN EHRLICH 
ADENOCARCINOMA UPON THE RATE OF TUMOR GROWTH IN VARIOUS 
REGIONS OF THE BODY 


Oo. 1. Epifanova and I. N. Smolenskata 


From the Histophysiological Laboratory (Chief — Candidate in Biological Sciences V. N. Dobrokhotov) of the 
Institute of Experimental Biology (Director — Prof. I. N. Maiskit) Acad. Med. Sci. USSR, Moscow 


(Received May 28, 1957. Presented by Active Member Acad. Med. Sci. USSR N. N. Zhukov-Verezhnfkov) 


In a previous communication [3] it was stated that the Ehrlich adenocarcinoma would grow more rapidly 
when implanted in the region of the anterior limbs as compared with the posterior [2] even when the animal re- 
ceived an inoculation of two tumors at the same time. When the animal received two-ttumor {noculations at a 
ten-day interval the results obtained did not seem to be consistent. 


In view of this, it seemed feasible to investigate in more detail the effect which a second tumor inocula- 
tion has upon the rate of adenocarcinoma growth in various regions of the body. 


EXPERIMENTAL METHODS 


200 sexually mature female mice weighing 20 g were used. In order to produce the subcutaneous tumors, 
0.2 cc of the Ehrlich adenocarcinoma preparation was injected each time. 


The first injection was given to one-half of the animals in the region of the right anterior extremity while 
the other half of the animals received the injection in the region of the right posterior extremity. Then all the 
animals were divided into 8 groups. The mice of 6 groups received ten days after the first inoculation a second 
inoculation of the tumor into various regions of the body. 2 groups of mice did not receive a second inoculation 
and served as controls. The weight of the tumors was determined when the animals were sacrificed 20 days follow- 
ing the first inoculation, f.e., 10 days following the second inoculation. The growth of the tumors was determined 

: following the mathematical treatment according to the theory of probabilities [4]. 


EXPERIMENTAL RESULTS 


The experimental data are presented on the graph. The average weight of the 20-day tumors, f.e., those 
inoculated first, in the region of the anterior limbs did not differ in the control from the experimental groups. 
Neither were there material differences in weight between the 20-day tumors themselves which were inoculated 

in the region of the anterior exuemities. The slight variations were statistically unimportant. The average weights 
of the tumors inoculated in the region of the posterior extremities were in even better agreement among them- 
selves. At the same time, the average weights of all the 20-day tumors in the region of the anterior limbs in the 
experimental animals were greater than similar weights of the tumors in the region of the posterior limbs, this 
difference having statistical significance (P = 0.0001 and less than 0.0001). 


Thus we are demonstrating that, even in the presence of a second focus of tumor growth produced by the 
repetition of the inoculation, there is still a more rapid growth in the region of the anterior extremities as com- 
pared with the region of the posterior extremities so that this fact, established in our previous studies, still holds 


true, 


° 
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Experimental 


= 
cas F oy mé 
Average weights of the Ehrlich adenocarcinoma 
on the 20th day after inoculation and in the pre- 
sence of 10-day tumors implanted in various 
body regions. 
1) Right anterior extremity; ;2) right posterior; 
3) left posterior; 4) left anterior. Number 
above the columns ~ number of animals with 
inoculated tumors. 


SUMMARY 


In previous experiments it has been demonstrated that tumors grow more rapidly in the anterior regions of 


These results do not confirm the opinion we 
had advanced earller [3] about the possibility of an 
upset of the originally determined rates of growth by 
the second inoculation by reason of possible {mmuno- 
logical alterations induced by the {ntroduction of the 
second tumor. The results of our previous experiment 
[3] in which the growths {n the anterfor regtons did 

not exceed the growth in the posterfor regions may 

be explained, apparently, by a depression of the pri- 
mary growth by the second inoculation, This last, 

as has already been stated [3], does not agree with 

the concepts of other workers who believe that the 
resistance of the organism affects subsequent inocula- 
tions while, at the same time, exerting no influence 
on the rate of growth of the preceding tumors [1). 


The present study appears to demonstrate that 
the previously established difference in the rates of 
tumor growths between the anterior and posterior re- 
gions of the body fs a more constant relationship than 
previously supposed and manffests itself regardless of 
the location of the second tumor inoculation, 


the body than in the posterior. In the present study we have demonstrated that this is an even more constant re- 


lationship than previously supposed. It holds true regardless of where the second tumor {noculation fs made. 
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The literature indicates that the best antitumor immunity results from spontaneous tumor regression while 
the use of killed tissue as an immunizing agent seems relatively ineffective [2, 3, 7]. However, some authors have 
again raised the issue of the effectiveness of vaccinating against transplantable tumors by means of tumor material 
devoid of living cells (1, 6, 8]. Realizing the need of further studies in this field [4] and taking into account the 
fact that there has been so far no actual comparison of the comparative effectiveness of antitumor immunization 
using killed and living tumor tissues, we determined to make such an investigation employing on rabbits the trans- 
plantable Brown-Pearce carcinoma. 


EXPERIMENTAL METHODS 


Living tumors were inoculated under the skin of the ears of the rabbits (5). Killed tumor tissues were extracted 
and similarly injected. Two series of experiments were run. 


In the first series a comparison was made between the effectiveness of living tumor cells and saline ex- - 
tracts of tumor cells. In these experiments 23 male chinchilla strain rabbits weighing on the average 3.3 kg were 
used. 8 rabbits of the first group received an inoculation of the tumor under the skin of the right ear. The injec- 
tion consisted of 0.2 cc of 40% by weight of a fresh tumor tissue suspension in physiological saline. A definite 
tumor growth was noted in 5 of the rabbits; a weak growth was noted in 2, while in one rabbit there was no take. 
By the 20th day the tumor had regressed in all the rabbits. 


The 7 rabbits of the second group were inoculated with saline tumor extracts. The frozen tumor tissue 
was placed in physiological saline 1: 9 and macerated in a blender for 5 minutes. The obtained material was 
cold-extracted and centrifuged for 20 minutes at 3000 rpm, The supernatant liquid was examined microscopically 
and found to have no undamaged tumor cells so that it could be used for the injections. The protein content of 
this supernatant fluid had its nitrogen content determined using the method of Conway. This extract was injected 
subcutaneously into the rabbits every 3 days for a total of 5 times. 20 days following the last injection, a sixth 
injection was given. Altogether, each rabbit received about 12 cc of the extract with a total protein content of 
about 34.45 mg. The 8 rabbits of the third group were used as controls. 21-26 days after the tumors of the first 
group had absorbed and 17 days after the last extract injection to the animals of the second group, all the rabbits 
received testicular injections of the tumor (25 % by weight of a fresh tumor extract suspended in physiological 
saline, the dose being 1 cc). Tumor development was followed for 75 days at which time all the surviving rabbits 
were subjected to an autopsy. The effectiveness of the preventive inoculations was judged by the degree of tumor 
take and extent of its development. 


Taking into consideration the fact thata tumorextract prepared with normal rabbit serum has a definite 
, immunizing effect [1], in our second series of experiments we compared the effectiveness of immunizing with 
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tumor tissues themselves as against tumor extracts prepared with normal rabbit serum, In these experiments we 
employed 20 male rallies averaging 2.7 kg in weight. The 6 rabbits of the first group received under the skin of 
the right car 40 % by weight of a physlological saline emulsion of tumor tissue, the dose being 0.25 cc. In all the 
rabbits the tumorgrew and then regressed completcly by the 20th-231d day. The 7 rabbits of the second group were 
inoculated with the cel free extract from frozen tumor tissue prepared with whole normal rabbit serum. The tu- 
mor tissue was added uo the serum in a ratio of 1 ; 4 and run in the Blender for 5 minutes. After cold extraction 
the emulsion was cenmeifuged for 40 minutes at 3000 rpm, A direct determination of the tumor protein present in 
such an extract {s fmpossitiie because of the large quantities of serum proteins. Indirectly, the amount could be 
judged on the basis of dhe fact that tumor extracts made under analogous conditions in physiological saline con- 
tained 8.75 mg of premciin pex 1 cc. The extract was given to the rabbits every 4 days for 4 times, the additional 
inoculation being made 20 days afterwards. Altogether the rabbits received 14.5 cc of the extract. The 7 remain- 
ing rabbits served as cwmmrcls. 


To determine the extent of the obtained immunity, in the first group 15-20 days after the regressfon of the 
tumor and, in the secomi group, 21 days after the Sth injection of the extract the animals were given an intratesti- 
cular tumor inoculatiom (25 % by weight of a suspension of fresh tumor tissue in physiological saline, the dose be- 
ing 1 cc). The results of the immunization and its effectiveness were judged by the rate of tumor growth and the 


pathological study of the autopsied animals. ; 
The results of dhe fiest and second series of experiments are presented in Tables 1 and 2, 


EXPERIMENTAL RESULTS 
TABLE 1 


Comparative Effectiweness of Immunization Against Brown-Pearce Tumors Using Live Tumor Subcutaneous In- 
jections Under the Skim af the Rabbit Ear and Using Similar Injections of Saline Tumor Extracts 


Degree of tumor development 


yeaa rabbits dying from rabbits sacrificed 75 days 
of tumor 
tumor after inoculation 


3 
Method of inocaiztion 3 2 3 5 
2 318 2 
=] ¢ > 3] 32 
E ‘< n2 |S SB 3S] o 
= 3 > >= 3 
Tumor inoculated undex skin of ear 4 3.0 
Subcutaneous injectiom of saline 


MARKINGS; * — mor @id not take; ** — tumor took and then regressed. 


As can be seen from Table 1, inoculation with the tumor under the skin of the ear produced immunity to 
a second inoculation im 4 rabbits ourof 8. In the remaining 4 rabbits the tumor took. Three of them were rabbits 
either which did not have a take from the first injection in the ear or in which it grew poorly. All the rabbits 

which received injection of rumor extract, just as the control rabbits, were receptive to intratesticular injections 


of the tumor. 


All 6 rabbits of dhe first group in the seond series which were immunized by subcutaneous tumor injection 
in the ear, resisted the intratesticular secondary inoculation. Of the 7 rabbits which were injected with the tu- 
mor extract on a scrum: medium, the tumor failed to take in only one, The control animals presented the same 
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degree of inoculability, There was no difference in the extent of tumor growth between the control animals and 
those receiving the extract. In the majority of the animals in these groups there was progressive growth for 15-20 
days followed by regression of the tumor, the rapidity of the regression being even greater {n the control than fn 


the {noculated animals. 


TABLE 2 


Comparative Effectiveness of Immunization Against Brown-Pearce Tumors Using Live Tumor Subcutaneous In- 
Jections Under the Skin of the Rabbit Ear and Using Similar Injections of Normal Rabbit Serum Tumor Extracts 


Total Av. life |Av. num- | Number 
aatitiae span(days)| ber organs | of rabbits 
Method of immuni- a = not of animalsjaffected | with par- 
zation eitin dying by tumor | tial or to- 
from 
tumor 


Tumor inoculated under skin of ear 
Subcutancous injection of extract 
preparated on a rabbit serum 
medium 
Later, the 6 rabbits of the first group of the second series, which had displayed complete immunity to a 
secondary inoculation with the Brown-Pearce tumor, were subjected within the succeeding 7 months to 3 more in- 


tratesticular tumor injections. In all these animals there were no takes. These animals were sacrificed 10 months 
after the beginning of the studies and pathological examination failed to uncover any traces of the tumor, 


Both series of experiments demonstrate as a fact that temporary growth and recession of Brown-Pearce tumors 
implanted under the skin of the ear in the rabbits leads to the development and maintenance of an immunity 
against subsequent inoculations with this tumor. Attempts to {mmunize by means of saline or rabbit serum extracts 
of the Brown-Pearce tumor failed. It may be that our disagreement [1] on the immunizing effect of Brown-Pearce 
tumors’ extracts prepared with normal rabbit sera may be on the basis of a difference in the method of preparing 
the antigen or else on some other variation in the details of the experiment. 


SUMMARY 


Temporary growth and the following resolution of the Brown-Pearce tumor transplanted subcutaneously into 
the rabbit's ear causes development of complete immunity to the secondary transplantation of this tumor {nto the . 


testicle, 
Vaccination by saline extract of Brown-Pearce tumor or by an extract of the tumor prepared with normal 


rabbit serum produces no immunity in rabbits. 
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At the present time in the study of enzymes, much time is devoted to the phosphztases which are so widely 
distributed throughout the anima! and plant worlds. Histochemical methods of analysis (2, 4] have been developed 
so that their localization within the tissues has become possible, The investigation of the distribution of alkaline 
and acid phosphatases within the placenta has considerable importance as itmight in@icate the functional peculi- 
arities of the pharmacology of this organ. 


Wislocki, Deane and Dempsey [6] studied alkaline and acid phosphatases within the placenta of mice, guinea 
pigs, rats, hamsters and rabbits. Their work presents general data concerning the enzymatic activities of the tissues 
of the placenta without taking into adequate account the duration in time of the pregnzacy. The alkaline phos- 
phatase, which appears in the placenta, gradually increases until term, while the acid phosphatase is found only 
at the end of the pregnancy, However, Hard [5], who made quantitative studies of the distribution of alkaline 
phosphatase within the guinea pig placenta from the 11th to the 68th day of pregnancy, came to the conclusion 
that the amount of the enzyme increased until the 55th day after which it quantity diminished, Wislocki and 
Dempsey [7] investigated the activity of the acid phosphatase in six human uteri 8 to 15 weeks pregnant, 


Thus the findings in the literature concerning the alkaline and acid phosphatase content of placenta, espe- 
cially of rodents, are contradictory and incomplete. Furthermore, in the literature available to us, we were un- 
able to find data bearing on the enzymatic activity of the maternal tissues, in particular that of the uterus, during 
the very earliest stages of pregnancy when the embryo was being implanted so that we were unable to get a fuller 
concept of this activity for the entire duration of the pregnancy. Our work is an attemye to clarify the problems 
just raised. 


In the present investigation we used the uterus and placenta of the white rat. The material taken from the 
rats in various stages of pregnancy was fixed in aceton:, The alkaline and acid phosphatases were determined by 
the Gomori method. The slices were 6 to 8 pt iri thickness and incubated in the corresponding substrate 2 and 21 
hours. The place of alkaline phosphatase activity acquired a black tint on the sections while the acid phosphatase 
turned the tissue brown. 


We believed it possible to distinguish four degrees of phosphatase concentration using the following arbitrary 
designations. The presence of the enzyme within the nucleolus only we termed trace; within the nucleus only — 
little; within the nucleus and cytoplasm of cell — much; while the darkening by the one or the other phosphatase o 
to the extent that the cell structure became obscured we characterized as very high ceacentration of the phosphatase. so : 


Alkaline Phosphatase. In the rat uterus on the 6th day of preganancy the embryo, consisting of one type em- 
bryonic cells, is still either not implanted [1] or in the process of implantation, At this stage, in the portion of the 
tunica propria of the mucous membrane adjacent to the uterine lumen, the connective tissue cells are crowded to- 
gether and within them are traces of alkaline phosphatase. Individual cells lying directly next to the blood capil- 
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laries exhibit much alkaline phosphatase. The number of blood capillaries fs relatively increased here and with- 
in the endothelium of these capillaries there ts also much alkaline phosphatase, at times the concentration be- 
coming very high (Fig. 1, a). In cells of the precapillary type (Fig. 1, b) some of the endothelial cells contain 


little or only traces of the alkaline phosphatase. The walls of the larger vessels (Fig. 1 c) conts!n no enzyme, 


Fig. 1. Alkaline phos- Fig. 2. Alkaline phosphatase in 
phatase in the munica the uterus of a white rat 10 days 
propria of the uterine pregnant. Sagittal section. 

mucous membrane of a) Mesometral side of the uterus; 

a white rat 6 days b) antimesometral side of the uterus; 
pregnant. v) muscular layer of the uterus; 

a} Capillary; b) blood d) termination of uterine lumen; 
vessel of the precapillary €) lacunae with maternal blood; 
type; c) large vessel. f) embryo- g) line of future uterine 
Ocular 7X, objective 40. 4 lumen; h)ectoplacental conus; ~ 


i) connective tissue. Oct. 2X, ob. 3.7. 


In the other portion of the tunica propria, lying nearer to the muscle layer of the uterus where the connective 
tissue is looser, no alkaline phosphatase could be found. However, on the antimesometral side in the region of the 
future embryonal implaatation within the connective tissue cells of the tunica propria, beginning from the uterine 
lumen and extending almost to the muscular layer, alkaline phosphatase is found. In some cells there is much, 
while in occasional instances there is a very high concentration of the alkaline phosphatase. 


On the 10th day of pregnancy the embryo is in the stage of a late gastrula (Fig. 2, f). By this time, the em- 
bryo is separating from the extraembryonic tissues. There is an amnion. There is still no contact between the 
chorionic plate and the allantois. Thetunica propria tissues of the uterine mucous membrane have grown and be- 
come enriched with blood containing lacunae (Fig. 2, e), which penetrate the ectoplacental conus (Fig. 2, h) which 
represents the mesometral portion of the prophoblast. Thus, at this stage of pregnagcy the elements of the future 
placenta have been laid down and the further development of the embryo has been assured. At this time within 
the rat uterus the quantity of alkaline phosphatase increases. On the antimesometral side (Fig. 2, b) within the 
enlarged cells of the growing tunica propria there is much alkaline phosphatase while, within the decidual cells 
adjacent to the walls of the blood bearing capillaries the concentration is very high. The same condition is to be 
observed within the endothelium of the blood-bearing capillaries and the connective tissue at the site of the future 


uterine lumen (Fig. 2, g). 

On the mesometral side (Fig. 2, a) the forming lacunae (Fig. 2, e) have various dimensions. The larger ones 
are disposed around the ectoplacental conus (Fig. 2, h) and contain traces of the enzyme, The decidual tissue be- 
tween the large lacunae, especially in direct contact with the ectoplacental conus, has no enzyme. In the mid- 
portion of the mesometral side (Fig. 2, c) there is much of the enzyme ,while in the direction of the muscular 
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layer (Fig. 2, y and the terminal uterine lumen (Fig. 2, d) it dimintshes and disappears altogether, However, a 
thin layer of connective tissue, lying along the muscular layer (Fig. 2, 4), dafkens intensively, This darkening is 


to be observed for sore distances from the ends of the uterine lumen and, at times, spreads to the whole length 


of the muscular layer. 


Fig. 3. Alkaline phosphatase with- 

in the placenta of a white rat on the 
17th day of pregnancy. 

a) Ailantoic mesenchyme; b) placental 
labyrinth; c) border zone; d) zone of 
giant cells; e) maternal placenta; 

f) line of future placental separation; 
g) basal decidual layer; h) wall of 
embryonic egg yolk sac; i) central 
placental vein; j) leukocytes (black) 
within the venous sinus of the maternal 
blood. Ocular 7X. Objective 3.7. 


By the 15th day of the pregnancy the placenta fs 
fully formed. The cells of the fetal mesenchyme con- 
tain no alkaline phosphatase. It is to be observed in the 
zone of the placental labyrinth, Here the trophoblast fs 
represented by an intensely darkened syncytial net hav- 
ing nuclei of different sizes. In the loops of the net are 
lacunae with maternal blood while, within the uabeculae 
of the trophoblastic syncytium, separating the materaal 
lacunae, lie fetal vessels accompanied by allantoic me- 
senchyme, The cells of the matemal tissue lying in this 
zone form islets of varying dimensions containing little 
enzyme, The elements of the trophoblasts of the border 
zone are represented by relatively scattered narrow la- 
cunae and large fields of clear, glycogen-containing 
cells and show rarely a very high concentration of the 
enzyme, more often these being but little of it. The 
trophoblastic elements more distant from the lacunae and 
the cells of the matemal tissues contain traces of theen- 
zyme. The giant cells of the trophoblast contain little 
phosphatase while the mztemal placenta and the basal 
decidual layer have none. Along the line of the future 
placental separation within the connective tissue there 
is a very high concentration of the alkaline phosphatase, 
this being usually localized not along the whole line but 
only along its peripheral portions. 


On the 17th and 18th days of the pregnancy, when 
the placenta attains its maximum dimensions, the alka- 
line phosphatase is still absent from the fetal mesenchyme 
(Fig. 3, a) while within the zone of the placental laby- 
tinth (Fig. 3, b) the very high concentration is maintained. 
Within the placental labyrinth the trophoblastic syncytium 
is thinned and intensively darkened; the elements of the 
maternal tissues which are occasionally still seen at this 


stage contain much enzyme. The trophoblastic cells within the placental border zone (Fig. 3, c) contain much 
alkaline phosphatase; among the glycogen-containing cells of this zone are encountered groups of encapsulated 
cells, there being an especially large number of them around the central vein (Fig. 3, i) of the placenta, while 
within each of these encapsulated groups can be counted from 2 to 5 cells of varying size all containing much 
enzyme. In the other glycogen-containing cells, among which are to be seen doubly-nucleated cells resulting from 
amitotic division, there is little alkaline phosphatase, The zone of the giant cells (Fig. 3, d) is thinned as com- 
pared with earlier developmental stages becoming interrupted in some areas; the giant cells are more rounded 
and smaller. Within the cytoplasm phagocytosed remnants of degenerated cells and also of blood cells are to be 
seen. Within the giant cells there iseither only a little or traces of the alkaline phosphatase. while within the 
maternal placenta (Fig. 3, e) and the basal decidual layer (Fig. 3, g) there is none. 


Acid Phosphatase. The uterus of a white rat pregnant 6 days does not contain acid phosphatase. 


By the 10th day it begins to appear in almost the same uterine areas as the alkaline but in much smaller 
concentrations. In the middle portion of the antimesometral side there is much of the enzyme which decreases in 
the direction of the muscular layer of the uterus and the direction of the embryo gradually disappearing. At the 
site of the future uterine lumen the connective tissue cells display traces of the acid phosphatase. On the meso- 
metral side in the areas of decidual tissue, there is much acid phosphatase around the larger lacunae lying directly 
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atound the ectoplacental conus. In the directlon of the muscular layer and the terminal uterine lumens, the en- 
zyme rapidly diminishes and disappears. 

By the 15th day of pregnancy acid phosphatase fs present In all the placental zones, There fs much in the 
zone of the allantoic mesenchyme while within the elements of the trophoblasts of the placental labyrinth and 
the border zone the concentration is very high. Very high concentrations are also present in some giant cells 
although in others there fs but little. The acid phosphatase is much in evidence within the islets of matemal 
tissue present in the placental labyrinth and the glycogen-containingcells. In the matemal placenta and the basal 
decidual layer the enzyme is distributed unequally: in some areas the concentration is very high while in others 
there is much, 
By the 17th and 18th days of the pregnancy the amount of acid phosphatase present in the rat placenta in- 
creases and fs found in all the zones. In some areas of the allantoic mesenchyme the amount of enzyme fs small 
while in other areas there is much. The enzyme if found present in very high concentrations within the thinned 
trophoblastic syncytium and the islets of the placental labyrinth of the maternal tissue, the trophoblast and the 
glycogen cells of the border zone. Within the giant cells and the cells of the maternal placenta and the basal 
decidual layer by the 17th day the enzymatic concentration ts very high, there still being much of it present on 
the 18th day. 

Much alkaline and acid phosphatase is found within the leukocytes of the maternal blood (Fig. 3, j) and the 
cells of the embryonic blood. The enzyme localizes first in the anterior portion of the nucleoli, the nucleus and 
then in the cell cytoplasm, 

The alkaline phosphatase appears within the utemus at the very beginning of pregnancy, increasing gradually 
until the very end, There is no acid phosphatase within the uterus in the first days of pregnancy. It appears on 
the 10th day, the amount increasing sharply at the end of the term. 


The large placental content of acid and alkaline phosphatases indicates the activity of the biochemical pro- 
cesses going on. Of special interest is the fact that the largest quantity of phosphatase isfound within the layer 
of the troplioblastic syncytium which envelops the fetal vessels and borders the lacunae filled with maternal blood. 
The data now available indicate that it is precisely in these areas that the trophoblast absorbs the amino acids 
from the maternal blood and, very possibly, resynthesizes the protein bodies entering the blood of the fetus (3). 


SUMMARY 


In investigating the activity of the alkaline and acid phosphatases in the uterine and placental tissues on the 
6th, 10th, 15th, 17th and 18th day of pregnancy certain regular cytochemical features are revealed. 


Phosphatases are localized mainly in the nucleoli, nucleus and then in the cellular cytoplasm. Large amounts 
of alkaline and acid phosphatases are found in the leukocytes of the maternal blood and in the embryoblasts. Alka- 
line phosphatase appears in the uterus at the onset of pregnancy and gradually increases until fts termination. Acid 
phosphatase appears only on the 10th day and greatly increases until the end of the pregnancy. 


The largest amounts of phosphatase are revealed in the trophoblastic syncytium which covers the fetal blood 
vessels and lies next to the lacunae filled with maternal blood, 
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THE EFFECT OF NOVOCAIN UPON THE COURSE OF ALLERGIC REACTIONS 
IN PREGNANT ANIMALS 


Ia. A. Dultsin 


From the Department of Obstetrics and Gynecology (Head — Professor M. A. Petrov-Maslakov) of the 
Leningrad Medical Institute of Sanitation and Hygiene 


(Received August 31, 1957. Presented by Active Member Acad. Med, Sci. USSR S. V. Anichkov) 


In previous studies [7] we established that the allergic reaction produced by the booster dose of a specific 
antigen when given to a sensitized, pregnant animal will, in all instances regardless of site, lead to termination 


of the pregnancy. 

In view of the fact that at the present time numerous authors [1, 8] regard allergy as a reaction of the or- 
ganism to a specific antigen and regulated by the nervous system, the question arose as to whether it may be pos- 
sible to affect certain divisions of the nervous system in such a manner as to avert the onset of the reaction which 
manifests itself in these animals by termination of the pregnancy. 


N. V. Kaverina and A. N. Poskalenko[10, 16) have shown experimentally that novocain can block stimuli 
in afferent pathways and diminish the vasomotor response to sympathetic impulses. For this reason we decided to 
employ novocain. 

We took into consideration the work of M. A. Petrov-Maslakov [15] in which he showed that the solar plexus 
fs the pathway mediating trophic influences in the higher divisions of the nervous system upon the internal sex or- 
gans. 


In view of the opinion of A. V. Vishnevsky and A. A. Vishnevsky [4, 5], namely, that novocain block removes 
powerful nervous irritants and thus facilitates both the establishment of favorable trophic activities and also the 
formation of a barrier to pathological conditions; especially those produced by increased permeability (allergic 
states, edema, and others), we decided to novocainize the region of the solar plexus in our experiments. 


The present investigation was undertaken to determine the effect produced in pregnant rabbits by novocain 
injection into the area of the solar plexus during the course of allergic reactions. 


EXPERIMENTAL METHODS 


In the first series of experiments, 15 rabbits were sensitized five times at 5-day intervals by intravenous in- 
jection of an extract prepared from homologous placental protein secreted from the horns of a pregnant uterus. 


The solution was injected into the ear vein and the quantity was such that 10 g of placental tissue was dissolved Ee e 
in 90 ml of Ringer-Locke solution; the protein content fluctuating within limits of 0.5-0.7%, the pH being 6.6-7.0. Toe 7 
19 to 23 days after the female had been mated, a midline abdominal incision was made under ether anes- . 
thesia, the intestine pushed into the right fossa and the area between the left kidney and adrenal thus becoming ¥ 
exposed, there could be seen medially through the serosa the solar plexus shaped like a small triangular plate. 
L:to this region, through the serosa, we injected 2 cc of a 0.25 % solution of novocain following which we To. : 
injected into the vessels leading to the uterine horn 2 ml of the homologous placental protein, this being the booster § 
dose of the allergic reaction. 
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EXPERIMENTAL RESULTS 


Twelve of the rabbits went to term and gave, in the overwhelming majority of cases, living young; the aver- 
age duration of the pregnancies in these animals being 29-33 days. The young were born 8-12 days subsequent to 
the booster injection of the antigen. However, 2 rabbits died 4 days and 4 rabbits died 23-26 days after dceliver- 
ing. 

In two experiments a biopsy was performed within 3-6 days and in four more experiments — 2-2 4/2 
months after delivery. 
On the 2nd day after the booster dose of antigen 3 of the pregnant rabbits were sacrificed. 


The results of the microscopic studies of the organs in the animals (liver, kidneys, brain, uterus) may be di- 
vided into 4 groups. 

In the first group are 2 experiments, in which the animals died 4 days after delivering, and 2 experiments in 
which the biopsy was performed 3-6 days after delivery. The organs of these animals showed marked vasomotor 
disturbances which manifested themselves as hemorrhages with necrotic foci (Fig. 1). 

In the second group of experiments, in which the 
animals died 20-25 days after delivery, microscopic studies 
showed degenerative changes and a definite proliferative 
connective tissue reaction, 


In the thrid group, the animal biopsies were done 
2— 2'/2 months after delivery. Microscopic studies of 

the liver and uterus showed only slight degenerative altera- 
tions. 


The fourth group of 3 rabbits is particularly interest- 


Fig. 1. Severe circulatory disturbances ing as these does were sacrificed 2 days after the booster 
within the liver with extensive hemor- injection while the pregnancy was continuing. These ani- 
thages, necrotic foci and the beginning mals had no macroscopic alterations. Histologic studies 
of thromboses. of the liver and uterus also failed to reveal changes. One 


doe only had within the liver small hemosiderin deposits 
with some proliferation of the Kupfer cells and slight accumulations of lymphoidal cells. The presence of these 
old liver vessel changes indicates that the five-fold sensitization with the homologous placental protein had left 
its races within the animal. 
Thus, the first series of experiments showed that 
novocainization of the solar plexus regularly prevented 
premature deliveries in pregnant rabbits which had been 
sensitized to homologous placental protein. 


It may be thought that the delivery is a decisive 
event as, only after that event, does there develop in the 
doe the typical vascular reaction. However, the vessel 
reaction after the delivery is much weaker than the one 
seen in animals which had had no injection of novocain 
into the solar plexus. 


Fig. 2. Liver tissues almost _ To clarify the question as to whether the role played 
by the novocain in preventing abortion is a local or an ab- 
sorptive effect, it was decided to perform a second series 


of experiments in which the novocain was given intravenously. 


unaltered. 


In this series 10 does received the homolgous sensitizing placental protein extract five times. Then the 
animals were mated. 19-22 days after the establishment of the pregnancy the animals received in the ear vein 
2 ml of the 0.25 9 novocain,this being followed through the same needle by 2 ml of the antigen (the booster 


injection). 
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quent to the abortion. 


7, 


Fig. 3. Severe vascular disturb- 
ances within the kidney with 
vesse] dilatation, stasis and 
numerous hemorrhages. 


‘1-2 days later all the animals underwent termination of pregnancy, mostly dead fetuses being aborted. 


Two does died 1-3 days after the abortion, the rest surviving. 3 does had biopsies done 16-28 days subse- 


In those instances when the animals died within 
several days of the abortion, microscopic studies revealed 
vascular disturbances accompanied by numerous hemorrhages, 
stases and thromboses. (Figs. 2, 3, 4). 


The picture was somewhat different in those instances 
when the animals survived and biopsies were taken from 
the liver and uterus 16-18 days after the abortion. Micro- 
scopic studies of the organs of these animals revealed only 
some limited old hemorrhages, atrophic foci and a small 
cell infiltration with a beginning of regenerative processes. 


Thus, intravenous injection of the novocain does not 
interrupt the course of the allergic reaction which leads 
to the abortion and is accompanied by marked morphologi- 
cal alterations within the organs of the animals. 


Then, how are we to explain the blocking action of the novocain infiltration of the solar plexus preventing 
the abortion while intravenous injection of the same amount of novocain fails to exert any effect? 


Fig. 4. Severe hemorrhage with- 
in the musculature and mucous 
membrane of the uterus. 


Ir has to be assumed that novocainization of the solar 
plexus produces such a concentration of the substance there 
that conduction of impulses both centrally and peripherally 
is blocked so that not only the sensory but also the motor 
fibers cease to conduct. 


The therapeutic action of the novocain block is 
based, primarily, upon the afferent impulses of the reflex 
pathways being interrrupted, this assuring the rest of the 
fulfilling organs, in this instance, the utenus. 


In the opinion of S. V. Anichkov (2, 3) the therapeutic 
use of novocain block of sensory conductors and reflexo- 
genic zones is predicated upon the basic situation in which 
there occurs inhibition of the stimulative processes because 
of the interruption of afferent impulses. 


It is important to remember that the local anesthetic effect of novocain has a not insignificant action in 


excluding the reflexes, 


The general resorptive action of novocain piuduced by its being diffused into the blood leads to a weaken- 
ing of the conductivities at the various central, ganglionic and peripheral synapses, In addition, the resorption 
of the novocain increases cerebral cortical activity [12], it being especially important to note the vascular dilata- 


tion and relief of spasm [13}. 


Intravenous injection of the novocain produces only the tesorptive effect if the slight vasospasm at the site 


of the injection is discounted. 


The absence of a reaction following the intravenous injection of the novocain may also be due to the fact 
that maximal effects are produced immediately and the influence is exerted for only a short while because the 
novocain is destroyed within the blood with relative speed, With the blocking action, the resorptive action of the 


novocain manifests itself very gradually and lasts for a much longer time than does the intravenous injection. 


“SUMMARY 


It was experimentally established that the allergic reaction, which brings about abortion in sensitized animals, 
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may be prevented, This prevention fs carried out by introduction of 2 ml of 0.25 % novocain solution Into the solar 
plexus directly before the booster dose, 

No specific morphological changes are revealed in histological examination of a number of organs of these 
animals, 
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One of us has previously described the method of recording flow resitance (vascular tone) by stabilizing the 
flow rate with a special perfusion pump, and the necessary conditions which this apparatus is required to fulfil have 


been reviewed [1]. 


In transferring blood from the proximal to the distal end of the cut artery supplying the region being Investi- 
gated, the pump fs required to maintain a constant minute volume which is independent both of the arterial pres- 
sure at the input of the pump and of the tone of the perfused vessels. The perfusion pressure recorded at the out- 
put of the pump fs then a function of flow resistance, and may be taken as an index of vascular tone, 


It is important that the purnp should be made to reproduce the physical characteristics of normal blood flow 
without causing any change in physiological composition which might react on the blood vessels. This means that 
trauma to the blood must be reduced to a minimum, that the flow must be pulsating, and that the initial values 
of the average and pulse perfusion pressures should approximate the normal values for these quantities in the parti- 
cular animal investigated. - | 


The PN-2 perfusion pump described below (Figs. 1a and 1b)* has been specially designed to record vascular 
tone, and consists of three main portions: the drive to the pump A, the working head of the pump B, and the re- 
cording mercury manometer C; these are connected hydraulically and electrically. 


We will now consider one complete working cycle of the pump. 


Blood from the central end of the artery passes along pipe 1 through the input chamber 2 ( “auricle®) to enter 
’ the thin-walled polyethylene pipe 3 ("ventricle *) which is placed inside the working head. The chamber 4 of the 
working head is made of transparent plastic filled with water, and is connected by pipe 5 with piston pump 6 of 
the input. Valves 7a and 7b are electromagnetic relays operated from pulses generated by a cam through con- 
tacts 8a and 8b which in turn are closed by the eccentric wheel 10 turned by pinion 9. The armatures of the re- 
lays can close the short rubber tubes completely. 


Suppose valve 7a (Fig. 1a) fs open, so that blood fs free to flow into tube 3, due to the sucking action of the 
piston in cylinder 11. Valve 7b is closed and prevents blood flowing from tube 3 to the peripheral end of the ar- 
tery and so to the perfused organ. As soon as piston 6 (operated by cam 12 and lever system 13) reaches the end 
of its travel, contact 8a closes and valve 7a closes sharply, thus cutting off the perfused artery from the rest of the 
apparatus. Almost immediately afterwards, contact 8b breaks, valve 7b opens, and as piston 6 moves downwards 
it pushes water into the chamber of the working head, causing blood to move along tube 14 into the vessels (see 


* Engincers N. M, Bardier and I. I. Berger helped in the construction and design of the apparatus. 
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Fig. 1b). When the piston reaches the lower end of {ts travel, valve 7b closes sharply, then valve 7a opens, and the 
piston begins to more upwards, causing a further supply of fresh blood to be sucked in, etc. The cycle now repeats. 


Fig. Ia. Diagram of apparatus PN-2 fn the position of “diastole®, 
A) Drive unit; B) working head; C) recording mercury manometer, 


Fig. 1b. Diagram of apparatus PN-2 in the position of “systole®. 


Correct phasing of the piston and valve action {s ensured by a control of the contact mechanfsm (not shown 
in Figs. la and 1b), which allows the time of opening and shutting of each valve and their operating periods to 
be adjusted both relative to each other and to the phase of the piston. 


Thus during each cycle, a certain volume of blood, corresponding ideally to the difference in volume of 
tube 3 in the {Initial and in the compressed condition, passes from the input to the output of the pump, i.e. from 
the central to the peripheral end of the artery. The resulting perfusion pressure {s recorded by the mercury man- 
ometer 15, and {fs determined by the ratio of the conductivity (or resistance) of the vessels to the minute volume, 
If the vessels contract, some of the blood enters the manometer causing an Increase of perfusion pressure so that 
it 1s possible to maintafa the original minute volume through the contracted vessels. On the other hand, ff the 
vessels dilate blood passes from the manometer so that the same minute volume {s maintained under a smaller 
pressure. Changes In the perfusion pressure are proportional to the change in res{stance (tone) of the vessels. 
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Chamber 16, which corresponds to the aorta, {fs included to reduce the pulse pressure varlatfons; {t has @ 
capacity of about 15-20 mi and fs partly filled with afr; {ts volume determines the extent to which the pressure 
variations are damped out. 


The cylinder and piston are those of an ordinary injection syringe, Preliminary coarse adjustments are made 
for syringes of 1, 2 or 5 mi according to the organ to be perfused, Fine regulation within a range of 1 ¢ 10 fs effected 
by, moving the pivot 17 by the screwed rod 18. This gives continuous variation of piston travel with corresponding 
control over the degree of compression of tube 3 in the working head, and thus gives control of stroke volume which 
fs indicated on scale 19. 
The output per minute {fs equal to the product of the stroke volume and the pulsation frequency. The re- 
duction gear to the crank allows the frequency of the pulsation pressure to be set at 90, 120, 150, 180, 240 or 300 
per minute. Either the stroke volume or the pulsation frequency may be changed while the pump {s working, with- 
out stopping it. 


Fig. 2. Electrical circuit of apparatus PN-2. 


A particular feature of this {nstrument fs that the output fs independent both of changes in the arterfal pres- 
sure at the input to the pump, and of changes in resistance in the outflow. This fs due partly to the use of external 
valves, and partly to the rigidity of the hydraulic system, The positively operated extemal valves are free from 
the defect of the intemal self operated type, of allowing leakage of blood through them. The use of electromagne- 
tic relays is particularly effective: the small mass of the armature results in a complete and rapid action at high 
pulsation frequencies, and independent adjustment eliminates any leakage. The hydraulic system consists of 
a completely rigid cylinder with its piston and the compartment 4, The wall of the fluid duct fs made of semf- 
transparent chlorvinyl tubing, made rigid by treatment with ether, which dissolves out the plasticizing substances. 
The afr contained by the water in the system ts removed by boiling, and a layer of vaseline is poured over the 
piston to prevent its entrance through the cylinder, The transparency of the cylinder, connecting tube and work~- 
ing head affords a complete check on the absence of air bubbles. 


The only parts which are not rigid are the rubber connections under the relay armatures. However these are 
short and for most of their length are covered extemally by metal sleeves. It must be noted that the walls of these 
connections show no wear after several dozen experiments lasting many hours. 


To avoid the effect of fluctuation of the line voltage, a DVA-U4 electric motor with a large excess of power 
fs used, and this maintains a constant rate of revolution when the line voltage falls. The latter is monitored by a 
voltmeter mounted on the drive assembly. 


Tests showed that the pump produced very nearly the required constant output. A sharp jump !n the input 
pressure of 150-180 mm of mercury caused only a 2-3% change in the output, which was therefore almost inde- 
pendent of variations in the arterial pressure of the animal. If the resistance to the output changed by an amount 
equivalent to a jump in input pressure from 10 to 250 mm of mercury, the output over the whole of the regulated 
range did not change by more than 2-3 %, 
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To avold the ejection of incrcuryy Mxemthe manometer through excessive increase in perfuston pressure, the 
motor was connected to the reduction. ggoar'through an electromagnetic clutch connected via contacts 20 of the 
recording manometer (see Fig. 1a and 1%}. When the perfusion pressure exceeds 300 mm, the mercury column 
moves, and so opens the contact, thus. coausing the pump to stop and both valves to open. 


The electrical circuit {s showm finififg. 2 and operates as follows. When contacts Sq ("start") are closed, 
the mains voltage fs supplicd to the prttmary winding of the transformer Tr and to the motor M, The voltage of 
the secondary winding is applied throughitihe normally closed contacts of the switch S2 and the mercury manometer 
MM to the selenium rectifier SR, the e@atput: {from which fs applied to the electromagnetic clutch EC, The latter, 
when ft operates, holds itself by closimg enmmacts KB on switch $1. 


The clutch EC and motor M coatfimwe to operate until contacts KB are again opened. This occurs when the 
stop switch $2 is opened manually or when the manometer contacts are broken. The pump stops almost instant- 
aneously since the clutch EC makes a muadhanical break in the cam drive to the piston from the motor M, which 


has considerable inertla. At the same téimse the primary of the transformer is open-circuited, so that current no 
longer flows from the rectifier through azomsacts K1 and K2 on the drum to the electrically operated valves R1 and 


R2, which therefore open. 


Fig. 3. General vitee of apparatus PN-2 (semi-diagrammatic). 
A, B, and C as in Flig. 22. 

All the mechanical and electricaE components of the drive assembly (Fig. 3A) are mounted in a vertical 
housing. To ensure maximum accessibility, the cam and contact mechanism are built onto a removable unit at- 
tached to the front wall of the housing, 2nd enclosed by a covering of transparent plastic. 


Building the apparatus in separate: waits allows the working head to be brought right up to the blood vessel, 
and thus reduces the volume of blood owmside the body to as little as 6-8 ml. Therefore the blood spends a com- 
paratively short time in the artificial cimowit, and there is no need to make provision for maintaining the tempe- 
rature. It was shown that with a flow rame of 20-25 ml/ minute the temperature does not fall by more than 0,5-1°C. 


Before the experiment, the tubcs which will contain blood are filled with warm physiological saline. After 
injecting heparin and inserting the canufize into the appropriate vessels the valves of the pump are opened. The 
saline ts replaced by blood. The manomucter 15 (see Fig. 3, C and Fig. 1a) records the collateral arterial pressure 
(with the pump disconnected from the dtwe). An appropriate pulsation frequency is chosen by engaging a suitable 
gear ratio, and the indicator on scale ES ieset to the required stroke volume. 


After the pump has been switched on by pressing the “start™ button, the output is gradually increased by tum- 
ing the wheel on the control thread 18 wtf the average perfusion pressure is as nearly as possibie equal to the pre- 
viously recorded arterial pressure. The eutput per minute for the given perfusion pressure is then given by the pro- 
duct of the pulsation frequency and the seadings shown on scale 19. If necessary, the amplitude of pulsation of 
the perfusion pressure can be regulated Sy changing the amount of air in the damping chamber 16, 


After the experiment all the parts containing blood are washed out, first with water, then with sodium hy- 
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droxtde, and finally with water again. Before the next experiment, phystological saline fs passed through the 
apparatus for 10-15 minutes. If necessary the apparatus may be sterilized chemically by passing alcohol etc. through 
ft. It ts not necessary to filter the blood before it enters the vessels of the perfused organ, In an experiment last- 
ing 4-7 hours, a single injection of 7.5-10 mg/kg of heparin (activity approx. 100 units per mg) fs sufficient, 

Many tests and experiments have shown that the apparatus described here satisfies the requirements for measur- 
ing flow resistance (vascular tone) outlined at the beginning of this article, 

If the pump fs used for other purposes, {ts action may be smoothed by Introducing the required amount of afr 
into the working head. < 


SUMMARY 

A pump was designed for measurement of the resistance (tone) of vessels by the method of perfusion, by way 
of the stable minute blood volume, taken from the animal undergoing the measurement (autoperfuston), or from 
a donor. The pump maintains a stable output. 

The pump provides the pulsation of perfusfon pressure with the frequency of 90, 120, 150, 180, 240 and 300 
per minute, When perfusion pressure fs more than 300 Hg the pump automatically stops. 

The apparatus consists of three separate units; the drive, the removable working head and the res{stering 
mercury manometer. . 


This fs attained by: a) ensuting rigidity of the hydraulic drive, and b) using distantly controlled external 
electromagnetic valves with a range of output regulation of from 3 to 120 ml per minute. The volume of blood 


contained in the pump fs 6 to 8 ml. 
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A LOCAL CORTICAL COOLING BLOCK 
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From the Physiology Department (Head — Professor N. Iu. Belenkov) of the S. M. Gor*kii Medical Institute 
(Received June 6, 1957. Presented by Active Member of the Acad. Med. Sci. USSR V. N. Chemigovskii) 


The method of blocking separate portions of the central nervous system by cooling is not new. 


In 1892 A. Cherevkev [2], when investigating the contribution of different parts of the cerebral cortex to con- 
trol of the blood pressure, applied pieces of ice directly to its surface. Trendelenburg [5], in order to isolate por- 
tions of spinal cord wrapped portions of it with guinea pig gut washed in physiological saline through which a cool- 
ing fluid was passed. A. A. lushchenko and his co-workers [3] made special hooks from silver tubing through which 
cooled saline was passed. In this way either one or both sides of the spinal cord could be blocked. The same authors 
[{1, 4] made a capsule for cooling portions of cerebral cortex, but this has not been widely used. 


In following up this work we have constructed a special capsule for low temperature block of separate portions 
of the cortex in cats and dogs [1]. 


The capsule consists of a copper tube 3-5 mm in dia- 
meter, at the end of which there is a funnel-shaped expan- 
sion with a thin sheet of copper soldered to its base, and 
it is this portion which is brought directly into contact with 
the nervous tissue. The tube can be of various diameters 
depending on the dimensions of the portion to be blocked. 
We have made capsules with diameters from 5 to 8 mm, 
as well as a capsule which covers the sigmoid gyrus in both 
hemispheres. The cooling fluid is led in through a rubber 
tube which is joined to the capsule from above. An out- 
flow tube leads off at an angle from the funnel-shaped por- 
tion of the capsule; if this tube is fixed at right angles to 
the surface of the funnel it interferes with the placing of 
the capsule. Saturated saline was used as a cooling fluid. 
This solution was passed through a glass coil placed ina 
vessel containing a 1 ;3~—1 ; 4 mixture of salt and snow 
(or ice). Under these conditions the temperature of the 
capsule was reduced to 8-12°C. The rate of flow of the 
solution through the capsule was controlled by a Mor clamp. 

Fig. 1. General view of capsule. The In our experiments the rate was 1-2 liters per hour. 

In certain cases, for instance for testing whether the 

block has been effected, electrical stimulation may be 
necessary. In order not to remove the capsule during the experiment, electrodes insulated with lacquer except 
for the tips are brought out below the base. These leads are fixed to the capsule by a special adhesive, e. g. BF-2. 
The capsule is held by a special stand, whose base is fixed with a small screw to the bone of the skull (Fig. 2). 
With this type of fixation the position of the capsule is not affected by movements of the animal during the ex- 


periment, 


‘ 


For control over the cooling action, thermocouple measurements were made of the temperature uff tie ner- 
vous tissue immediately under the capsule and at the periphery. Temperature was also measured at a guiist 2-3 
mm below the surface, 


: 


Fig. 2. General view of capsule fixed to head 
of cat. 


In an acute preparation the temperature of the surface varies between 33 and 34°C, while at a deqth of 
2-3 mm the variation is between 35-36°C. The maximum temperature drop occurs 35-45 minutes after starting 

the cooling. The superficial temperature is then 19-20°C, while the deeper thermocouple records 20-20°C (Fig. 3). 
The temperature of the brain is also reduced around theperiphery of the cooled portion. Tests showed tian with 

the setup just described, there is a temperature gradient such that at 1 mm from the capsule the temperiure is 20.3°C, 
at 2 mm — 25.4°C, at 4 mm — 30°C and at 6-7 mm it is equal to that of the rest of the brain surface. 


“2 There is no doubt that reducing the temp:racure to 
19-20°C in the region of the capsule should comsitute an 
es” effective block. 


This wzs confirmed by a method which ve devised; 
whereas electrical stimulation of a certain arca before 
cooling evoked a marked pressor and respiratory response 
after 35-45 min. cooling it had no effect. 


The method we have described allows stzarate areas 
of the cortex to be blocked. The importance «ff the method 


Time (in minutes) 
SUMMARY 


Fig. 3. Cooling curve of portion of brain. 


I)At depth of 2-3 mm; I) at surface. The authors designed a special capsule Tir local ex- 


clusion of cerebral cortex by low temperatures. Cold so- 
lution is passed through this apparatus whichdecreases the cortical temperature down to 19-20 C, The capsule is 
supplied by electrodes, which allow stimulation of various areas of the brain by electric current (for omrrol) dur- 


ing cooling. 
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Animal chromaffin cells may be detected by methods based on chroming [1], and on sflvering. 
However these methods failed when used on invertebrate cells. 


We tied a modification of the method proposed by Ogata for the detection of chromaffin cells in inverte- 
brates. 


According to A. M. Utevskii and N. S. Levantseva [3, 4], adrenalin may combine with formaldehyde and 
still preserve unchanged the diphenol groups on which its reducing power depends, 


It might be supposed therefore, that cells containing adrenalin should be fixed in formalin before sflvering, 
because the formalin, instead of destroying the adrenalin,actually preserves its reducing properties. 


After fixation in 12 % neutral formalin and silvering, we succeeded in demonstrating cells containing adre- 
nalin which differed markedly from other structures. Here, just as in vertebrate cells, we found brown granules, 
while the other cells which did not contain adrenalin remained colorless. 


A still greater difference between chromaffin and non-chromaffin cells was obtained by using a 12 % alkaline 
solution of formalin for fixation; this was obtained by adding ammonia or 3-5 drops per 20 ml of 0.1 N. sodium 
hydroxide. After fixing in this way the chromaffin cells stained dark brown or black. 


We also introduced certain modifications into the silvering method of T. Ogata and A. Ogata. 


We recommend the following method of silvering for the detection of chromaffin cells: 1) fixing the living 
tissues in 12 % neutral or slightly alkaline formalin for not less than 1 hour; fixation may be prolonged further 
without harm; 2) washing in distilled water; 3) preparing the sections for the freezing microtome; 4) treatment 
for 30 minutes with 1 % ammonia; if alkaline formalin was used for fixing, this step may be omitted; 5) teat- 
ment with 5 % ammontiacal silver nitrate for not less than 3 hours; 6) treatment with 1 % ammonia solution for 
30 minutes; 7) washing for 1-2 minutes or more with a 3 % solution of hyposulfite ; 8) washing with tap water 
for 10-20 minutes; 9) washing with distilled water; 10) dehydration through increasing strengths of alcohol, clear- 
ing in oil, and mounting in Canada balsam, 


This method of silvering is equally effective for the chromaffin cells of both vertsbeates and invertebrates. 
The surrounding tissues, which remain colorless, may be counterstained. 


Good results were obtained in invertebrate animals when prior to che fixation and the silver treatment the 
animals were anesthetized with chloral hydrate or when vital staining with methylene blue was used. In the first 
case a solution of chloral hydrate of approximately 0.1 % was used, and was added to the water in which the leeches 
were kept; in the second case the methylene blue was prepared by the method of A, L, Shabadash (5) (distilled 
water — 1000 ml, sodium chloride — 7.5 g, glucose — 1.5 g, methylene blue — 0.25 g), but 6.5 g instead of 7.5 g 
of sodium chloride was taken, f.e. the methylene blue solution was made up in the saline normally used for in- 
vertebrates. 
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After being vitally stained blue, the chromaffin cells took up the silver very strongly and stained dark brown; 
they stood out clearly from the other non-chromaffin cells whose nuclef and protoplasm were also stained, but 
much more weakly. There was therefore no need to counter-stain the sections, 


Thus the chromaffin cells are more strongly argyrophilic than those of other tissues, and this ts strongly 
borne out by use of this method, We can therefore recommend ft in cases where these cells are to be deomonstrated 


in animals. 
Also this method allowed us to show that In vertebri 2es the sympathetic nerve fibers are more strongly argyro- 
philic than the parasympathetic, and this no doubt results from the presence in them of the adrenalin-like substance 
sympathin. 

Ogata’s method, as modified by us, fs not definitely specific for adrenalin, but In comparison with chroming, 
which is also non-specific for adrenalin [2], it is more estes and by its use adrenalin can be demonstrated in 
the outgrowths as well as in the bodies of the cells. 


SUMMARY 


A modification of Ogata"s method fs proposed, based on treating the tissues by 12 % formalin — to the 


application of silver. 
Chromaffin elements are stained brown. This method fs not strictly specific for detection of adrenalin, but fs 
fs more sensitive than others and reveals chromaffin elements in the cells of invertebrate animals. 
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A METHOD OF EXAMINING THE VALVES OF THE LYMPHATIC VESSELS 


D. D. Zerbino 
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(Received April 20, 1956. Presented by Active Member of the Acad. Med. Sci. USSR 
Professor V. N. Chemigovskif) 


One of the characteristic features of the lymphatic vessels is the occurrence of many valves which deter- 
mine the direction of the lymph flow; they direct the lymph forward and prevent a backward movement in the 
vessels, However comparatively little work has been done on the structure of these valves, of which only the main 
features have been studied [1]. 

The lymphatics have weakly elastic collapsible walls; the valves are very thin and can be seen only with 
difficulty through the vessel walls. They have been investigated either in serial sections (3, 4), or by the use of 
special indicators [2]. It is not possible to make any thorough investigation by these means, 


We have developed a method by which the valves can be observed from the lumen of the vessel. The method 
fs applicable to lymph vessels of diameter 0.5 mm and above. 


The essential feature of the method is that lymph vessels filled with air are infiltrated with methyl salicylate. 
It is then possible to dissect out different portions of the uncollapsed vessel, when the tighly stretched folds of the 
valve can be clearly seen. The position of the valve can be readily seen at the constriction of the vessel, which 
neatly always corresponds to the position of the valve which lies between well-marked dilatations in the valveless 
portions, After staining, the selected portion of the vessel may be placed vertically and examined with a micro- 
scope or binocular loupe; the shape of the valve, the number of folds, and the shape of the spaces between the 


folds, etc. can then be made out. 


The operations should be carried out in the following orders 1) detection of lymphatic vessels by inject- 
ing them with Gerota‘s Muid; 2) separation of the lymphatic vessels on a clean slab; 3) washing the vessels in 
chloroform until the dye has completely disappeared (using injection syringe and a No, 25 fine needle); 4) in- 
flating the selected vessel with air, using a syringe and fine needle; after inflation both ends of the vessel are 
tied with a thread; 5) fixation in 5% formol for not less than 24 hours; 6) dehydration through the usual strengths 
of alcohol; 17) infiltration with methyl salicylate for not less than 5 days until the infiltration of the wall is com- 
plete; 8) cutting out segments of the vessels with valves; 9) washing in distilled water; 10) ‘staining ina 1% 
solution of methylene blue for a few seconds; 11) washing in distilled water; 12) differentiation, if necessary, 
in absolute alcohol; 13) making the dye fast in a 1 % solution cf ammonium picrate; 14) second infiltration 
and clearing in xylol; 15) mounting in Canada balsam,the portion of the vessel with the valve fs placed vertically, 
like a barrel, on a thin layer of thick balsam; the preparation is then covered with a bell jar to avoid dust. After 
a few days, when the balsam has dried, another thin layer of liquid Canada balsam fs added. 


SUMMARY 


A method of investigating the valves of lymphatic vessels is suggested. The essence of this method con- 
sists In placing the lymphatic vessel filled with air into the methyl ether of salicylic acid, 
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